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ABSTRACT
Organic matter and nutrient accumulations in the 
litter layers of Pinus radiata stands in the south east of 
South Australia have Been examined. In the first 20 or 30 
years of stand development, both site quality and stand age 
strongly influence the amount of litter accumulated. During 
this period the largest accumulations are found on the 
better quality sites and the amount accumulated increases 
rapidly with age. After about 30 years, the rate of 
accumulation decreases and litter weight tends towards an 
equilibrium. On sand dune soils, the weights of litter 
accumulated by 40 years are more or less similar within the 
site quality range SQII-SQV. However, the amount of litter 
accumulated in older stands is strongly influenced by 
differences in soil type. When stand age and site quality 
are held constant (age 30 years, site quality II), largest 
accumulations occur in stands on the sand podsol soils 
(Nangwarry sand, Mt. Burr sand) while soils transitional 
between the sand podsols and terra rossa soil types 
invariably have smaller accumulations. There are similar 
differences between soil types in the amounts of nitrogen 
and phosphorus accumulated in the litter layers, and 
measurements show the rates of nutrient cycling differ 
on the different soils. Some litter layers are estimated 
to contain up to 55% of the nitrogen and 30% of the 
phosphorus in the above-ground organic matter of the 
ecosystem.
Possible causes of ’he d if fe re n t r a te s  o f  l i t t e r
decomposition and n u trien t cycling have been in v e s t ig a te d .«  
L it te rs  fron d iffe ren t s i te s  d if f e r  as m ic ro b ia l s u b s t r a te s ;  
and these  d ifferences are  l in e a r ly  r e la te d  to  th e  amount, o f ' 
l i t " er accumulated in  stands cider than  30 y e a r s .  The 
in v estig a tio n  suggests deconpcsitior. o f  F - la y c r  l i t t e r  
(co n s titu tin g  the  b u ll  c f  the  to t a l  l i t t e r  a t  most s i t e s )  
is  Liniied hy the  a v a i la b i l i ty  c f energy but no t n i t r o g e n .  
There is  no evidence th a t substances o r organism s i n h i b i t o r y  
to “breakdown organisms are resp o n sib le  fo r  th e  slow  r a t e s  o f  
deccm jositicn , nor is  thore any evidence th a t  d if fe re n c e ©  i n  
siar.d micro-environment or th e  l i t t e r  fauna p o p u la tio n s  a t  
various s i te s  are  responsib le for the d if fe re n c e s  in  th e  
l i t t e r  accumulation en the  d if fe re n t s o i l  ty p e s .  A hypo­
th e s is  is  proposed (based an polyphenol com plexing) 
explaining the d ifferences in  the a v a i l a b i l i t y  o f  energy  
and thus the decay ra te s  of l i t t e r s  from v a rio u s  s i t e s «
An in v estig a tio n  has also  been made o f th e  r a t e  a t  
which n itrogen is  re leased  fron l i t t e r s  c o l le c te d  from 
s ta n is  with d iffering  l i t t e r  accum ulations. N e tt 
m in era lisa tio n  occurs nost rap id ly  in  l i t t e r s  from s ta n d s  
w ith s n a il  l i t t e r  accunulations (e .g , t e r r a  ro s s a  
tr a n s i t io n a l  s o i ls ' and nost slowly in  l i t t e r s  from  s i te s ;  
wish la rg e  l i t t e r  accunuiaticns (e .g . Mt, B urr s a n d s ) .
The re la tio n sh ip s  l e t  wo er. these- r .e tt m in e ra lis a t io n  
p a tte rn s  and th e  d if fe r in g  ra te s  of decom position in  
various l i t t e r  m ateria ls  is  d iscussed in  term s o f  th e
relative availability of energy and size of the active 
nitrogen pool in various litters. Thus mull litters are 
postulated to have relatively large amounts of available 
energy and nitrogen while mor litters may have relatively 
large amounts of energy or nitrogen, but not both. An 
exploratory study of nitrogen mineralisation-immobilisation 
was made using the ^isotope.
Some of the implications of the large litter 
accumulations and slow rates of nitrogen release for the 
continued productivity of P. radiata stands on the sand 
podsols in the region are discussed.
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E x te n s iv e  p l a n t a t i o n s  o f  th e  e x o t i c  s p e c ie s  P in u s  
r a d i a t a  (D . Don) have  b een  e s t a b l i s h e d  i n  S o u th  A u s t r a l i a  on 
th e  a e o l i a n  san d  dunes i n  th e  s o u th  e a s t  o f  th e  S ta te *  R e c e n t ly ,  
i n  t h e  se c o n d  r o t a t i o n  o f  th e  p l a n t a t i o n ,  d e f i n i t e  e v id e n c e  o f  a  
s e r io u s  d e c l i n e  i n  th e  p r o d u c t i v i t y  o f  some s ta n d s  h a s  b e e n  
o b ta in e d .  (K eeves 1966, B ednal 1 9 6 8 ) . W h ile  t h e r e  a r e  no 
o b v io u s  symptoms o f  i l l  h e a l t h ,  th e  e x te n t  o f  th e  d e c l in e  i s  a  
m a t te r  f o r  s e r io u s  c o n c e rn  i n  th e  f a c e  o f  p la n s  f o r  a  m a jo r 
e x p a n s io n  o f  A u s t r a l i a n  so ftw o o d  p l a n t a t i o n s .
To d a t e ,  no o th e r  p l a n t a t i o n  a r e a s  i n  A u s t r a l i a  have  shown 
s ig n s  o f  a  s e r io u s  p r o d u c t io n  d e c l i n e ,  p o s s ib l y  b e c a u se  few o t h e r  
a r e a s  hav e  p ro g re s s e d  beyond  th e  f i r s t  r o t a t i o n .  How ever, a  
s i m i l a r  d e c l in e  i n  seco n d  r o t a t i o n  p r o d u c t i v i t y  i n  p l a n t a t i o n s  
o f  P .  r a d i a t a  h a s  been  r e p o r t e d  i n  New Z e a la n d  (A nnual R e p o r t  
F o r e s t  R e s e a rc h  I n s t i t u t e  1 9 6 8 ) , s u g g e s t in g  th e  p rob lem  may n o t  
be  r e s t r i c t e d  t o  th e  S o u th  A u s t r a l i a n  p l a n t a t i o n s .
A d e c l i n e  i n  p r o d u c t i v i t y  h as  a l s o  b e e n  o b se rv e d  i n  
c o n if e ro u s  p l a n t a t i o n s  i n  E u ro p e  (Thomas 1957» M aliszw esk a  
and M oreau 1 9 6 0 ) , and  i s  a  common f e a t u r e  o f  some 
h o r t i c u l t u r a l  c ro p s  (S a v o ry  1966 )• F lo re n c e  (1967) re v ie w e d
1
2th e  s u b je c t  and in d ic a te d  a  la rg e  number o f  f a c to r s  w hich 
co u ld  be in v o lv e d , and severed, a u th o rs  have o u t l in e d  s p e c i f i c  
cau ses  w hich m ight be r e le v a n t  to  th e  P . r a d i a t a  d e c l in e .
T hese c o u ld  be summarised as fo llo w s -
( i )  D e p le tio n  o f  th e  s o i l  w a te r a v a i la b l e  to  f o r e s t s .
( i i )  Changes in  s i l v i c u l t u r a l  p r a c t i c e  o r  g e n e t ic  s to c k ,
( i i i )  I n h ib i t io n  o f  r o o t  grow th due to  th e  p re sen ce  o f
to x ic  r e s id u e s  from th e  f i r s t  crop? o r  to  p a th o g e n ic , 
a n t a g o n is t i c ,  o r  c o m p e tit iv e  m ic ro -o rg an ism s.
( iv )  D e p le tio n  o f  th e  n u t r i e n t  su p p ly , e i t h e r  by 
r e d u c t io n  in  n u t r i e n t  c a p i t a l  o r n u t r i e n t  
a v a i l a b i l i t y .
T h ere  i s  ev id en ce  t h a t  w ate r u sag e  by th e  p la n ta t io n s  
in  th e  M t. Gambier a r e a  o f  S ou th  A u s t r a l i a  i s  g r e a te r  th a n  
th e  p a s tu r e s  in  th e  same a r e a  and th a t  th e  re c h a rg in g  o f  
t h i s  g roundw ater may be in c a p a b le  o f  r e l i e v i n g  th i s  w a te r 
d e f i c i t  i n  some y e a rs  (Holmes and C o lv i l l e  1968). The 
ab sen ce  o f  w idesp read  symptoms o f  d rou g h t d e a th  o r  o f  an  
in c r e a s in g  d e c l in e  in  v ig o u r  w ith  age (K eeves 1966) su g g e s t 
t h i s  f a c t o r  may n o t be th e  p rim ary  cause  o f  th e  p r o d u c t iv i ty  
d e c l in e ,  a lth o u g h  i t  i s  p o s s ib le  t h a t  s o i l  m o is tu re  s t r e s s  
co u ld  be an  im p o rtan t seco n d ary  f a c t o r  l in k e d  w ith  th e  u p ta k e  
and t r a n s l o c a t i o n  o f  n u t r i e n t s .  T here  have been  no r e p o r t s  o f  
changes i n  s i l v i c u l t u r a l  p r a c t ic e  o r  g e n e t ic  s to c k  in  th e  
second r o t a t i o n  w hich co u ld  g iv e  r i s e  to  th e  d e c re a se  in
-  3 -
p r o d u c t iv i ty .  However th e r e  i s  some ev id en ce  o f  an 
acc u m u la tio n  o f to x ic  m a te r ia ls  in  s o i l s  d u rin g  th e  f i r s t  
r o t a t i o n  (H a r r is ,  quo ted  by Raupach 1967a ) ,  b u t th e  e f f e c t  
o f  th e s e  and p a th o g en ic  o r  c o m p e tit iv e  m icro -o rgan ism s on 
t r e e  grow th in  th e  second r o t a t i o n  i s  u n c e r ta in .
T here  a re  s e v e ra l  re a so n s  fo r  b e l ie v in g  a  changed n u t r i e n t  
s t a t u s  o f  th e  p la n ta t io n s  cou ld  be a  f a c t o r  s ig n i f i c a n t l y  
r e l a t e d  to  th e  p r o d u c t iv i ty  d e c l in e .  P re lim in a ry  work on 
second r o t a t i o n  s i t e s  in  New Z ealand  (S to n e  and W ill 1 9 6 5 ) 
has shown th a t  a  n i t r o g e n  d e f ic ie n c y  may be a  f a c to r  in  th e  
p r o d u c t iv i ty  d e c l in e  in  s ta n d s  n e a r  N elson  and some ev id en ce  
th a t  th e  p ro d u c tio n  d e c l in e  in  South  A u s t r a l i a  may r e s u l t ,  in  
p a r t  a t  l e a s t ,  from changes in  s o i l  n u t r i t i o n a l  s t a t u s  i s  
su g g e s te d  by th e  re sp o n se s  o f  P . r a d i a t a  s e e d lin g s  grow ing in  
second  r o t a t i o n  s o i l s  to  added n i t r o g e n  and phosphorus 
(Ann. R e p t. Woods and F o re s ts  D e p t. ,  S .A . 1968/69)* A number 
o f  w orkers have n o te d  some d e c l in e  in  th e  s o i l  n u t r i e n t  s t a t u s  
d u r in g  th e  f i r s t  r o t a t i o n  c ro p . H am ilton  ( 1965) compared 
s o i l s  under in d ig en o u s e u c a ly p t f o r e s t  w ith  nearby  s o i l s  
under P . r a d i a t a  s ta n d s  o f  v a r io u s  ages and found a  number o f  
a d v e rse  changes o c c u rre d  w ith  in c r e a s in g  p la n ta t io n  ag e .
T hese in c lu d e d  d e c re a se s  in  s o i l  n i t r o g e n ,  phosphorus, 
and c a t io n  exchange c a p a c i ty .  S im i la r ly  W aring (1962) and 
Raupach (1967a) have each  shown th a t  th e  n i t r o g e n  c o n te n t 
o f  th e  s u r fa c e  s o i l  u n d er s ta n d s  o f  P . r a d i a t a  was up to  
25io low er th a n  th a t  o f  s u r fa c e  s o i l  in  a d ja c e n t e u c a ly p t
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forest. Waring (1970) also quotes data of Hatch indicating 
lower nitrogen contents in the sandy soils supporting stands 
of P» pinaster in Western Australia, than in the nearby 
native forest.
Some of these changes may be due to a redistribution 
of nutrients within the ecosystem and work by Forrest 
(1969)» Will (1964) and Ritchie (1968) has shown a rapid 
accumulation of nutrients occurs within the biomass of 
developing first rotation stands of P. radiata. Part of 
this ecosystem nutrient may be removed from the site during 
harvesting operations. Will (1964) concluded that the loss 
of phosphorus, potassium and calcium in the harvested 
product might not be very serious for continued 
productivity in stands on pumice soils in New Zealand. 
However, the removal of over 200 kg/ha of nitrogen from 
these same sites was potentially a more significant hazard 
to continuing adequate stand nutrition. In South Australia, 
Lewis and Harding (1963) arrived at similar conclusions 
after some preliminary work on the potential losses of 
nutrients due to crop removal.
Some nutrients are added to the ecosystem in the form 
of terrestrial dust or precipitation. In the case of 
nitrogen, the amount added in this way may be between 3 and 
15 kg/ha/ann. (Miller 1966). There is also evidence that
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pines may be able to a s s i s t  in  the f ix a t io n  o f atmospheric 
n itrogen  at the ra te  o f about 50 kg/ha/ann. (Richards 1962,
1964» Richards and Voigt 1965)« D espite th ese  additions  
however, ecosystem n itrogen  may decrease w ith  time in  some 
s itu a t io n s , R itch ie  ( 1968) measured changes in  ecosystem  
nitrogen  in  severa l stands o f P, rad iata  on s ta b iliz e d  sand 
dunes in  New Zealand, In the early  stages of stand 
development w hile an undercover crop o f lup ins was present, 
n itrogen  in  the ecosystem increased at the ra te  of 280 kg/ha/ann. 
A fter about 15 years the legume was suppressed and the 
primary extern al supply of n itrogen removed. Ecosystem 
nitrogen  began to  decrease at the ra te  o f 100 kg/ha/ann.
This lo s s  continued u n t i l  the stands were a t le a s t  23 years 
old w ithout any evidence o f an approaching equilibrium . The 
decrease occurred mainly from the surface s o i l  layers and was 
probably due to  leach in g . E vidently n itrogen  accretions by 
r a in f a l l ,  and f ix a t io n  o f atmospheric n itrogen  were unable 
to  match th is  lo s s .
Losses of n itrogen  due to leach ing and crop removal 
may be fu rther increased by the common p ra ctice  of s la sh  
burning a fte r  c le a r fa l l in g . In le s s  f e r t i l e  s o i l s  w ith  
lim ited  n itrogen  reserves th ese  cumulative lo s se s  may lead  
to  the d e fic ie n c y  symptoms observed by Stone and W ill ( 1965) 
at N elson.
A lte r n a tiv e ly , i t  i s  unnecessary to p ostu la te  d irec t  
lo s se s  o f the nu trien t c a p ita l .  Any decrease w ith time in  
the ra te  a t which n u tr ien ts are released  from s o i l  organic
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m a tte r  and l i t t e r  la y e r s  cou ld  be c r i t i c a l  to  th e  m ain tenance 
o f  f u l l  s i t e  p r o d u c t iv i ty .  S ig n i f i c a n t  p ro p o r tio n s  o f  th e  t o t a l  
n u t r i e n t  c a p i t a l  h e ld  in  th e  o rg a n ic  m a tte r  o f  ecosystem s may 
som etim es be im m obilised  in  th e  l i t t e r  f r a c t i o n .  F o r n i t r o g e n ,  
t h i s  f r a c t i o n  can v a ry  from 2 p e r  c e n t in  t r o p i c a l  f o r e s t s  to  
o v e r  80 p e r  c e n t in  some c o n ife ro u s  p la n ta t io n s  (T ab le  1 .1 ) .  
M i l l e r  (1969) found th e  l i t t e r  la y e r s  b en ea th  C o rs ic a n  p ine  
on th e  C u lb in  sands in  S c o tla n d  h e ld  52% o f  th e  n i t r o g e n  in  
o rg a n ic  m a tte r  in  th e  ecosystem  and a t t r i b u t e d  a  grow th  d e c l in e  
o b se rv ed  d u rin g  th e  f i r s t  r o t a t i o n  to  t h i s  im m o b ilis a tio n . 
S im i la r  r e s u l t s  w ere o b ta in e d  from  e a r ly  work c a r r i e d  o u t by 
S tep h en s  and Bond (1957) in  Sou th  A u s t r a l ia n  P . r a d i a t a  s ta n d s .  
On th e  sand  dune s o i l s  in  th e  so u th  e a s t  o f  South  A u s t r a l i a ,  
th e  l i t t e r  la y e r s  o f  29 y ea r o ld  s ta n d s  c o n ta in e d  5 o f  th e  
n i t r o g e n  in  o rg a n ic  m a tte r  in  th e  ecosystem . In  c o n t r a s t ,  
S p ech t e t  a l  (1958) found th e  l i t t e r  la y e r s  o f  in d ig en o u s  
h e a th  v e g e ta t io n  in  th e  re g io n  f i f t e e n  y e a rs  a f t e r  a  f i r e  
c o n ta in e d  on ly  (f/o o f  th e  n i t ro g e n  in  th e  o rg a n ic  m a t te r .  I t  
seems p o s s ib le  th e r e f o r e  t h a t  th e  la r g e  accu m u la tio n s  o f  
n u t r i e n t s  te m p o ra r ily  im m obilised  in  th e  l i t t e r  o f  c o n i fe r  
s ta n d s  cou ld  be one f a c t o r  c o n t r ib u t in g  to  th e  second r o t a t i o n
p r o d u c t iv i ty  d e c l in e
-  7 -
TABLE 1.1. Percentage of total organic matter nitrogen 
contained in the litter layers of forest 
communities.
Community







Rainforest 2094 35 2 Greenland 
and Kowal 
1960
Nothofagus 1191 2 7 7 23 Miller
1 9 6 3
Pinus taeda 436 1 2 4 28 Switzer et 
al 1 9 6 8
Heath 6 8 0 44 6 Specht et 
al 1958
Heath 407 1 2 3 Hannon
1 9 5 8
(b) Plantations
P. nigra 3 6 8 192 52 Miller
1 9 6 9




P. nigra 578 3 2 2 56 Miller
1 9 6 6
P. radiata
- N.Z.
1570 6 6 0 42 Ritchie
1 9 6 8
P. radiata - 
S.A. Adelaide 
Hills
643 203 32 Stephens 
and Bond 
1957
P. radiata - 
Kuitpo, S.A.
556 267 47 tt
P. radiata - ]Mt.637 3 5 8 5 6 •I
Burr sand
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1 .2  THE STUDY
T he s tu d y  in v e s t ig a t e s  d eco m p o sitio n  o f  and n u t r i e n t  
r e l e a s e  from  P . r a d i a t a  l i t t e r  in  f o r e s t s  in  th e  so u th  e a s t  
o f  S o u th  A u s t r a l i a ,  to  d e te rm in e  w hether th e  r a t e  o f  
d e c o m p o s itio n  and th e  r e c y c l in g  o f  n u t r i e n t s  cou ld  he 
in a d e q u a te  f o r  th e  m a in ten an ce  o f  th e  p r o d u c t iv i ty  le v e ls  
a c h ie v e d  in  f i r s t  r o t a t i o n  s ta n d s .  The l i t t e r  la y e r s  a re  a  
com plex p a r t  o f  th e  ecosystem  and in e v i ta b ly  such  a  s tu d y  has 
to  exam ine many f a c e t s  o f  th e  o rg a n ic  m a tte r  tu rn o v e r  and 
n u t r i e n t  r e le a s e  p ro c e s s .  I d e a l ly ,  th e  in v e s t ig a t io n  r e q u i r e s  
a  m u l t i d i s c ip l i n a r y  ap p ro a c h , b u t a s  t h i s  was n o t p o s s ib le ,  
i t  seem ed d e s i r a b le  in  t h i s  e x p lo ra to ry  p h ase , to  examine 
th e  d e co m p o sitio n  p ro c e s s  in  b re a d th , to  p la c e  in  p e r s p e c t iv e  
th o s e  f a c t o r s  w hich m igh t l i m i t  l i t t e r  d eco m p o sitio n  and 
n u t r i e n t  r e l e a s e ,  r a t h e r  th a n  to  exam ine any one complex 
f a c t o r  i n  d e p th .
T he i n i t i a l  s tu d ie s  in  P a r t  I  d e s c r ib e  th e  m agnitude 
o f  th e  l i t t e r  la y e r s  and tu rn o v e r  r a t e s  a t  v a r io u s  s i t e s  in  
f i r s t  r o t a t i o n  s ta n d s .  Some o f  th e  f a c t o r s  l i k e l y  to  
in f lu e n c e  th e s e  a c c u m u la tio n s  a r e  exam ined, in c lu d in g  s ta n d  
a g e , p r o d u c t iv i t y  c l a s s  and s o i l  ty p e . S u b seq u en tly  th e  
n u t r i e n t  c o n te n ts  o f  th e s e  l i t t e r s  a r e  r e p o r te d  and th e  
p a t t e r n s  o f  n u t r i e n t  tu rn o v e r  a t  v a r io u s  s i t e s  compared.
Some o f  th e  r e l a t io n s h ip s  betw een th e  amount o f  o rg a n ic  
m a tte r  i n  th e  low er l i t t e r  l a y e r ,  and v a r io u s  n u t r i e n t
-  5 -
and energy parameters associated with the fresh litter layers 
and the graen foliage contributing to the litter are also 
examined.
Studies of the decomposition process are described in 
Part II, These attempt to explain the reasons for the 
different rates of turnover measured at various sites. The 
studies include measurements of the nature of P, radiata 
litter as a microbial substrate as well as measurements of the 
level of microbial activity in litters from various sites.
Other studies investigate the significance of 
differences in stand micro-environment and litter fauna 
populations on litter decomposition.
The release of litter nitrogen is examined in Part III 
using litters from a wide variety of stands, including those 
with contrasting rates of nutrient turnover and litter 
decomposition. Nitrogen mineralisation is studied in 
glass-house pot trials as well as in a series of incubation 
studies. More detailed investigations of the mineralisation - 
immobilisation processes are carried out using the 15^
isotope
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F i n a l l y ,  in  P a r t  IV, some o f th e  changes in  th e  
d i s t r i b u t i o n  o f ecosystem  n u t r i e n t s  a r e  d e sc r ib e d  and an 
a ttem p t; i s  made to  a s s e s s  th e  s ig n i f i c a n c e  o f th e  l i t t e r  
n u t r i e n t s  accum ulated  and im m obilised  d u r in g  th e  f i r s t  
r o t a t i o n ,  to  th e  p r o d u c t iv i ty  o f  P . r a d i a t a  in  th e  second 
r o t a t i o  n .
-  11
CHAPTER 2
ORGANIC MATTER ACCUMULATION 
2.1 PRODUCTION
The litter layers of the forest floor include all the 
dead vegetable and organic matter on the mineral soil surface. 
They are composed of material shed from the vegetation (leaves, 
twigs, fruiting bodies, bark), animal residues, and the 
remains of roots which have grown into these materials. The 
proportions of the various components may change as stands 
age (Ovington 1959) 9 but the accumulated material can generally 
be separated into three layers; a surface layer of relatively 
undecomiposed material (the L layer), a central layer of more 
decomposed material in which the original structure is still 
recognisable (the F layer) and a lower H layer in which the 
original structure is unrecognisable. The boundary between 
these Layers may or may not be distinct and the H layer may 
merge gradually with the mineral soil. Not all layers are 
always present.
Two general forms of litter accumulations have been
t
recognised. A mull form occurs where litter decomposition 
is rapid or the organic matter is rapidly incorporated in the 
mineral soil. This form is often found under hardwood species, 
A mor form occurs where decomposition is slow or litter is 
not incorporated rapidly in soil, and large accumulations
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d e v e lo p . The o rg an ic  m a te r ia l  i s  d i s t i n c t l y  sep a ra te  from 
th e  m in e ra l  s o i l  and m ixing o f th e  o rg an ic  m a tte r and m in era l 
s o i l  i s  s l i g h t .  T h is form i s  more common in  con ife rous 
f o r e s t s  (Handley 1954)* An in te rm e d ia te  form (a  moder) i s  
som etim es reco g n ised .
U nder a ra b le  system s o f a g r ic u l tu re  in v o lv in g  
c u l t i v a t i o n ,  crop re s id u e s  g e n e ra lly  decompose and m in e ra lis e  
r a p id ly ,  r a r e ly  p e r s i s t in g  fo r  lo nger th an  tw elve months.
Long te rm  p a s tu re s  and f o r e s t s ,  however, o f te n  accum ulate 
o rg a n ic  m a tte r  r e s u l t in g  in  an accum ulation  and im m o b ilisa tio n  
o f n u t r i e n t s .  In  annual and p e re n n ia l p a s tu re s  Noble e t  a l .  
( 1970) found mats of undecomposed o rg an ic  m a tte r  on th e  su rfa c e  
of s o i l .s  w eighing up to  72,000  kg /h a , and l i t t e r  la y e rs  in  
fo r e s ts  exceed ing  th i s  w eight a re  no t uncommon (K it t r id g e  
1948, O v ing ton  and Madgwick 1959)« The amount p re sen t a t  any 
tim e r e p r e s e n ts  the  b a lance  between in p u t o f o rgan ic  m a tte r  
as l i t t e r f a l l  and ro o t grow th, and d e p le t io n  due to  
d ecom position  p ro c e sse s . In  th e  e a r ly  s ta g e s  o f s tan d  
developm ent, the  n e t t  r e s u l t  o f th e se  two p rocesses lead s  to  
an in c r e a s e  in  th e  l i t t e r  accum ulation . W ith tim e however, 
a  dynamic eq u ilib riu m  i s  g e n e ra lly  e s ta b l is h e d . The age a t  
which t h i s  eq u ilib riu m  i s  reached v a r ie s  and may be as b r i e f  
as 10 y e a r s  in  t r o p ic a l  r a in f o r e s ts  and g re a te r  than  100 
years i n  some mountain co n ife ro u s  f o r e s ts  (Jenny e t  a l .  1949)«
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Thie spatial variation in "both litter fall and 
accumulation makes sampling of these difficult, and a variety 
of sampLe sizes and sampling intensities have "been used. In 
measuring litter fall, a number of workers have used up to 
10 traps per site, each with a surface area of one square metre 
or less l(Heilman and Gessel 1963, Ovington 1963, Hamilton 1964, 
McColl 1966, Webb et al. 1969). Will (1959) used between 
three and six traps to measure litterfall in P. radiata and 
found the coefficient of variation was generally less than 1CF/o,
For? measurements of litter accumulations, Ovington (1959)
used 16 samples, each 25 cm x 25 cm, while Heilman and Gessel
(1963) used 20 one square foot cores. In the latter case this
gave a coefficient of variation of about 10$>, Sometimes
litter accumulations may be more variable and require heavier
sampling intensities (Frankland et al. 1963). The size of the
samples taken has varied widely. Capstick (1962) tested a
2 2range of core sizes, varying from 1 cm to 41*5 cm , and 
found that there were no significant differences between the 
accumulation estimates but that the standard error of the 
estimate decreased with increasing core size. Frankland et al. 
(1963) recommended 81 cm as being a satisfactory core size.
The1 rate at which organic matter decomposes and its 
constituent nutrients are recycled may be critical to the 
continued productivity of forest stands. Litter accumulation
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i n  a  number o f s ta n d s  has been  sam pled to  d e te rm in e  th e  e f f e c t  
on o rg a n ic  m a tte r  a ccu m u la tio n s  and hence n u t r i e n t  r e c y c l in g  
r a t e s ,  o f  some o f th e  m ajor v a r ia b le s  a s s o c ia te d  w ith  P . r a d i a t a  
f o r e s t s  in  th e  so u th  e a s t  o f Sou th  A u s tr a l ia *
2 .2  THE FIELD ENVIROMMEMT
The s tu d y  a re a  was lo c a te d  in  th e  P , r a d i a t a  p la n ta t io n s  
o f  th e  loY/er so u th  e a s t  o f  S ou th  A u s t r a l i a  in  th e  Mt. Gambier 
re g io n  b ecau se  o f th e  w ide ran g e  o f s i t e ,  ag e , and s o i l  
c o n d it io n s  a v a i la b le ,  and s in c e  t h i s  i s  th e  a re a  where th e  
second r o t a t i o n  p r o d u c t iv i ty  d e c l in e  was f i r s t  documented in  
A u s t r a l i a .
2 .2 .1  C lim ate
The topography  i s  r e l a t i v e l y  f l a t  and th e  c lim a te  
co m p a ra tiv e ly  un ifo rm  over th e  a r e a .  The r e g io n a l  annual 
r a i n f a l l  av e ra g es  betw een 2 6 -3 5 in  (680 -890mm), re a c h in g  a  
maximum around  th e  Mt. B u rr Range. The a n n u a l f a l l  i s  
d i s t r i b u t e d  in  a l l  months o f  th e  y e a r  (A ppendix 1) a lth o u g h  
d ry  p e r io d s  occur in  summer. G e n e ra lly  r a i n f a l l  i s  v e ry  
r e l i a b l e  b u t in  1967 a, d ro u g h t o f u n u su a l s e v e r i t y  o c c u rre d  
(T ab le  2 . 1 ) .  Annual r a i n f a l l  s in c e  t h a t  y e a r  has been
v a r ia b le
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TABLE 2 .1 .  Annual R a i n f a l l  ( in c h e s )  in  M t. Gambier re g io n
Y ear 1967 1968 1969 Long te rm  mean
M t. B u rr 1 6 .5 5 3 9 .0 5 2 4 .0 5 3 0 .6 8
M t. G am bier 1 5 .8 2 3 7 .3  6 2 2 .3 8 2 6 .8 6
P e n o la 13.61 3 2 .5 8 2 0 .9 3 25 .96
T em p era tu res  a re  m ild  (A ppendix 1) a l th o u g h  f r o s t s  o ccu r 
o c c a s io n a l ly  in  w in te r .  S tro n g  winds a r e  common in  a l l  s e a s o n s .
2 .2 .2  S o i l s
The s o i l s  in  th e  re g io n  a re  d e r iv e d  p r im a r ily  from 
c a lc a re o u s  b each  sands and e s tu a r in e  o r  l a c u s t r i n e  d e p o s i ts  
(B lack b u rn  e t  a l .  1 9 6 5 ). These sands o ccu r in  a  p a r a l l e l  
s e r i e s  o f  Q u a r te m a ry  b each  r id g e s  co m p ris in g  an age sequence 
w ith  th e  o ld e s t  members more th a n  50  m ile s  from th e  p re s e n t  
c o a s t l i n e .  The s o i l s  a r e  c lo s e ly  r e l a t e d  to  t h i s  topog raphy  
(S tep h en s  e t  a l .  1941) and a re  composed o f  deep  p o d so lis e d  
sandy s o i l s  on r id g e s ,  c a lc im o rp h ic  s o i l s  on o c c a s io n a l 
o u tc ro p s  o f  h a rd  capped M iocene lim e s to n e , and a  complex o f  
hydrom orphic and c a lc im o rp h ic  s o i l s  in  th e  f l a t s  betw een th e  
r id g e s .  Some sm a ll a re a s  o f  v o lc a n ic  s o i l ,  and 
t r a n s i t i o n a l s  betw een th e  ran g e  and p la in  s o i l s  a ls o  o c c u r . 
W ith in  th e s e  s o i l  g ro u p s , v a r ia t io n s  o c c u r  in  th e  d ep th  to  
th e  c la y  h o r iz o n s ,  co lour-, te x tu r e  and s t r u c t u r e .  S o i l s  
t r a n s i t i o n a l  betw een th e  re c o g n ise d  ty p e s  a r e  common b u t n o t 
w id e sp re a d .
In general, the nutrient status of these soils is poor. 
Stephens et al. (194*0 found nitrogen levels in most of the 
sand podsols to range from less than 0.15$ at the surface to 
about 0.05$ in subsoils, while phosphate (PgOp.) concentration 
commonly ranged from 0.02$ at the surface to less than 0.001$ 
in subsoils. A number of micronutrient deficiencies occur, 
including zinc and copper. Most soils have low water holding 
capacities and develop considerable moisture tensions in 
summer (Lewis and Harding 1963)» Due to a fluctuating water 
table and impeded drainage, other areas may be especially wet 
in winter (Blackburn et al. 19^5)•
The soil profiles were first described by Stephens et al. 
(1941) and their nomenclature is followed here. Two of the 
major soil complexes, representative of the sandy podsols in 
the region, are the Nangwarry sands and the Mt. Burr sands. 
Both are deep podsols developed on aeolian sands and often 
have accumulations of organic cemented gravels and horizons 
of clay illuviation at depth. Commonly the profiles are 
white or yellow in colour grading to darker yellow or brown at 
depth. Despite their similar mode of formation, these soils 
are not morphologically identical; sand profiles differ in 
colour, depth and texture, and in the clay horizons, 
differences in colour, texture and structure also occur.
Mt. Burr sands and Nangwarry sands also differ in their 
^capacity to adsorb phosphorus (Florence, pers. comm.).
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Another, but less widespread sand podsol is the Tantanoola 
flinty sand, Stephens et al, (loc. cit,) regarded this as 
another "normal" sand podsol but it differs in having many 
pieces of flint and stone embedded in the profile. Nutrient 
contents of these sand podsols are all low although the 
Tantanoola flinty sand has a slightly higher nitrogen content.
Terra rossa soils are associated with limestone but are 
less widespread than the sand podsols in the plantation areas. 
Soil texture varies from loamy sand at the surface to sandy 
clay at depth and large variations occur in the depth of the 
soil profile. Variations in the productivity of these soils 
occur mainly in relation to the soil depth above the 
limestone. In general, most are relatively fertile.
Transitional between the soils of the ranges and those 
of the low-lying Miocene limestone on the flats are humus 
podsols, including the Wandilo sands (Stephens ctal. 1941)
These commonly have several feet of dark grey sand and 
organic stained sand overlying a yellow-brown, or grey clay with 
red inclusions. A gravel layer may be found over the clay 
horizon. Often the depth above the clay is shallow but the 
moisture status of the soils is normally favourable and 
productivity is high.
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Within the sand complexes associated with the sand ranges, 
various meadow podsols subjected to fluctuating water tables 
occur on lower sites. These normally have a variable sand 
profile, often with high organic matter contents, overlying a 
mottled clay horizon. The soils are frequently very infertile, 
but where the depth to the mottled clay horizon is not great, 
productivity may be high.
While most of the plantation area associated with the 
present investigation is based on Nangwarry sands and Mt. Burr 
sands, a number of transitional soils are found, particularly 
between the sands and the terra rossas. The transitional 
influence might result in a small modification to the surface 
colour or alternatively, a dark grey-brown sand, grading 
through an orange brown sandy loam, into a reddish yellow clay 
at depth might be found. There is a wide range in the 
productivity of stands on these transitional soils but on many, 
higher quality stands may be found.
Some of the sand dune soils in the area are underlain 
by various volcanic, sedimentary and saline materials at widely 
varying depths. If penetrated by tree roots, these horizons 
may alter the nutrient status of the tree crop (Tiller 1957)*
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2 .2 .3  S i t e  Q u a li ty
D e s p ite  th e  g e n e ra l u n ifo rm ity  o f  c l im a te  and to p o g rap h y , 
and th e  g e n e ra l  i n f e r t i l e ,  san d y , p o d so lic  n a tu re  o f  most o f  th e  
s o i l s  in  th e  r e g io n , th e  p r o d u c t iv i ty  o f  th e  f o r e s t s  v a ry  
m arkedly  o v e r s h o r t  d i s ta n c e s .  The s p a t i a l  m osaic in  s i t e  
p r o d u c t iv i ty  i s  a s s e s se d  and mapped e a r ly  in  th e  p lan ta-1 ion*s 
r o t a t i o n  and c a te g o r iz e d  on a  s ta n d  volum e b a s i s ,  w ith in  th e  
ran g e  S i t e  Q u a li ty  (SQ) I  to  SQVII, c o rre sp o n d in g  to  h ig h  and 
low p r o d u c t i v i t i e s  r e s p e c t iv e ly .  Those g ra d e s  a re  shown in  
T ab le  2 .2  (Lew is 1967) .  Most s ta n d s  in  th e  r e g io n  f a l l  in  th e  
ran g e  I I I - I V ,  and s ta n d s  h av in g  a  s i t e  q u a l i ty  l e s s  th a n  SQVI 
a re  re g a rd e d  a s  uneconom ic. W hile th e  p o t e n t i a l  p r o d u c t iv i ty  
can o f te n  be b ro a d ly  p r e d ic te d  from th e  s o i l  p r o f i l e ,  t h i s  
r e l a t i o n s h i p  i s  n o t c o n s i s te n t  (s e e  T ab le  2 .3 )  and th e  S i t e  
Q u a li ty  m osaic  i s  p ro b ab ly  a  s e n s i t i v e  e x p re s s io n  o f  th e  
n u t r i e n t - m o is tu r e - p la n t  i n t e r a c t i o n .
TABLE 2 .2  S i t e  q u a l i ty  p a ram e te rs  o f  P . r a d i a t a  in  Sou th  
A u s t r a l i a  ( a f t e r  Lewis 1967)
S i t e  Q u a li ty Mean A nnual Increm en t 
(cu  f t / a c / a n n .  to  50yxs)
Predom inant H e ig h t 
a t  30y rs  ( f e e t )
I 400 132
I I 370 124
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2.3 .1  E x p lo ra to ry  exam ination of accum ulation  p a tte rn s  and th e
in f lu e n c e  o f s tan d  age, s i t e  q u a l i ty  and th in n in g  tre a tm e n t
The most d i s t in c t iv e  fe a tu re  o f th e  South A u s tra lia n  
p la n ta t io n  programme is  i t s  development on sand dune and sand 
dune d e riv e d  s o i l s .  The prim ary q u estio n  b e in g  asked in  th i s  
study  i s  w hether an inadequate  r a te  o f n u t r ie n t  c y c lin g  th rough  
th e  l i t t e r  la y e r  on th e se  sand dune s o i l s  m ight be c o n tr ib u tin g  to  
th e  second r o ta t io n  p ro d u c tio n  d e c lin e .
A lo g ic a l  s t a r t i n g  p o in t fo r  th i s  s tu d y  was th e  
d e te rm in a tio n  o f how l i t t e r  accum ulation and n u tr ie n t  co n ten t vary  
w ith  th e  s ta n d  environment and p a r t ic u la r ly  w ith  the  b roader 
v a r ia t io n s  in  s o i l  c o n d itio n s . Before sam pling l i t t e r  accum ulation  
on a  s e r ie s  o f s o i l s  i t  was necessary  to  know what c o n s tr a in ts  
should be p laced  on the sam pling. I t  would be lo g ic a l  to  e x p ec t, 
fo r  in s ta n c e , th a t  th e  way l i t t e r  accum ulates w ith  s tan d  age 
would v a ry  w ith  s tan d  s i t e  q u a l i ty  $ th e  o n se t o f crown 
co m p etitio n  and th e  consequent need le  c a s t  would be e a r l i e r  
and g re a te r  on h i^ ie r  q u a l i ty  s i t e s .  A gain, i t  might be 
expected th a t  th e  p a t te rn  o f accum ulation would vary  w ith  th e  
tim ing  and in te n s i ty  of th in n in g  tre a tm e n ts .
In  any stu d y  o f th e  in flu en ce  o f th e  environment on l i t t e r  
accum ulation  i t  would be u s e fu l i f  th e  in f lu e n c e  o f a l l  o th e r  
f a c to r s  cou ld  be s t r i c t l y  c o n tro lle d , -  fo r  example, by
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sampling only in unthirmcd stands and only at an age where an 
equilibrium between litter fall and litter decomposition rates 
had been achieved. However, this is clearly impossible in 
forests which have been actively managed on relatively short 
rotations. For these reasons, any interpretation of variation 
in accumulation must be made against the background that not all 
factors influencing accumulation have been controlled. However, 
it is possible to place reasonable constraints on sampling and 
a series of exploratory sampling studies are described in which 
these are established. These relate tos
( i) the influence of stand age on accumulation in 
SQ.II and SQV stands.
( ii) the influence on accumulation of variations in 
site quality in stands of 30-40 years when the 
soil type is constant.
(iii) the influence of thinning treatments on 
accumulation.
2.3.1(a) Sampling method for accumulation measurements
The accumulation of litter at each site was measured by 
sampling litter weight at 50 random points within a 100 foot 
square, located by measurements from a standard plan on which 
the 50 randomly spaced points were marked. Samples were taken 
by plunging a 10 cm tubular core (78*5 cm ) through the litter 
layer into the mineral soil. These samples were separated 
into L and F layers at the site, oven dried at 80°C and
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w eighed . A t th e  few s i t e s  w here re c o g n is a b le  H -la y e r  m a te r ia l  
was fo u n d , t h i s  was in c lu d e d  w ith in  th e  F - l i t t e r  m a te r ia l .  
Woody m a te r i a l  g r e a te r  th a n  3cm in  d ia m e te r  was ex c lu d ed .
A ll  l i t t e r  sam ples w ere found to  have a  v a r ia b le  sand  
c o n te n t and th e  oven d r ie d  w eigh ts  w ere a d ju s te d  to  g iv e  th e  
w eigh t o f  o rg a n ic  m a tte r  a t  each s i t e .  The sand c o n te n t was 
m easured by a sh in g  a  sam ple a t  600°C fo r  two hours in  a  m u ffle  
f u rn a c e ,  d ig e s t in g  th e  r e s id u e  o v e rn ig h t in  s u lp h u r ic  a c id  and 
f i l t e r i n g  o f f  th e  sand r e s id u e .
2 .3 .1 ( b )  P a t t orn  o f  accum ula t io n  w ith  age i n s t ands v a r y in g in  
s i t e  q u a l i ty
In  t h i s  s tu d y , p a t te r n s  o f a c c u m u la tio n  were s tu d ie d  in  an 
age seq u en ce  a t  th e  h ig h e r  end o f th e  p r o d u c t iv i ty  range  (SQ Il) , 
and a t  th e  low er end o f  th e  econom ica lly  a c c e p ta b le  p ro d u c t iv i ty  
ran g e  (SQV). An a tte m p t was made to  h o ld  th e  s o i l  ty p e  
c o n s ta n t  w i th in  each s i t e  q u a l i ty  s e r i e s  and to  sam ple o n ly  
u n th in n e d  s ta n d s  ( r e p re s e n te d  by perm anent m e n su ra tio n a l sam ple 
p l o t s ) .  However, t h i s  was no t e n t i r e l y  p o s s ib le .
W ith in  th e  SQII seq u en ce , a l l  th e  s ta n d s  sam pled ( a t  10, 
20 , 30 and 40 y e a rs  o f  age) w ere u n th in n e d . The 10, 20 and 
30 y e a r  o ld  s ta n d s  w ere a l l  on meadow p o d s o lic  s o i l s ,  a lth o u g h  
th e  30 y e a r  o ld  s ta n d  had a  deeper sandy h o r iz o n  o v e r ly in g  th e  
c la y  h o r iz o n  (sandy  meadow p o d so lic )  . The 40 y e a r  s ta n d  in  
th e  same sequence  was on a  Mt. B urr sand w ith  some p ro b ab le  
lim e s to n e  in f lu e n c e  (M t. M uir sand?)
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A ll  s ta n d s  in  th e  SQV sequence w ere lo c a te d  on a  M t. B u rr 
san d . However, th e  40 y e a r  o ld  s ta n d  had undergone a  l i g h t  
th in n in g  o p e ra t io n  and th e  30 y e a r  o ld  s ta n d  had a  s i t e  q u a l i t y  
r a t i n g  betw een  SQV and SQVI. The lo c a t io n  o f  th e  s ta n d s  sam pled 
i s  g iv e n  in  T ab le  2 ,4 .
In  b o th  th e  SQII and SQV seq u en ces, o rg a n ic  m a tte r  on th e  
f o r e s t  f l o o r  accum ula ted  r a p id ly  d u rin g  th e  f i r s t  20 y e a rs  o f 
s ta n d  developm ent (F ig .  2 .1 ,  T ab le  2 .5 ) .  The r a t e  o f 
a c c u m u la tio n  was more r a p id  in  th e  SQII s ta n d s  | a t  20 y e a rs  th e  
SQII s ta n d  c o n ta in e d  32,200 k g /h a  w hich was n e a r ly  double th e  
w eig h t in  th e  SQV s ta n d  o f  th e  same a g e . T h is  accu m u la tio n  in  
th e  SQII s ta n d  r e p r e s e n ts  th e  maximum found in  th e  SQII s e r i e s .  
The o ld e r  s ta n d s  had s m a lle r  a c c u m u la tio n s , and th e  d i f f e r e n c e  
betw een th e  30 y e a r -o ld  and 40 y e a r -o ld  s ta n d s  was r e l a t i v e l y  
s m a ll .
I n  c o n t r a s t ,  th e  o ld e r  SQV s ta n d s  c o n ta in e d  more l i t t e r  
th a n  th e  20 y e a r - o ld  SQV s ta n d  and a c c u m u la tio n  appeared  to  
be c o n t in u in g  u n t i l  40 y e a r s .  At 40 y e a r s ,  th e  w eig h ts  o f 
l i t t e r  found  in  th e  SQII and SQV s ta n d s  w ere s im i la r  
( 24,400  k g /h a  and 22,500  k g /h a  r e s p e c t iv e l y ) .
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TABLE 2.4* Sites sampled in P. radiata forests of lower
south--east of South Australia.
Site Site Soil Type Location Other
No. Quality Compartment/
Age
(a) On different soils
1 II Nangwarry sand 4/1937 Pen*
2 II Nangwarry sand-Wandilo 
sand
2/1941 Pen
3 II Wandilo sand 5/1940 Pen
4 II Sandy meadow podsol 14/1936 Pen
5 II - III Mt. Burr sand 18/1940 MB
6 II Mt. Burr sand 3/1938 Tant
7 II Tantanoola flinty sand 3/1937 Tant Mt. Burr
sand
complex
8 II Mt. Burr sand-terra rossa 19/1940 MB
9 II Mt. Burr sand-terra rossa 6/1939 MB
10 II Mt. Burr sand-terra rossa 6/1939 MB
11 II Tantanoola flinty sand-
terra rossa 6/1941 Tant
12 IV - Y Terra rossa 4/1943 MB
13 II - III Terra rossa 8/1942 MB Shallow
soil




0») Different site quality and age (unthinned)
15 II Meadow podsol 4a/1955 MG
16 II Meadow podsol 2/1945 MG
4 II Sandy meadow podsol 14/1936 Pen
17 II Mt. Burr sand complex 21/1929 MB Mt. Muir 
sand?
18 V Mt. Burr sand 6/1955 Tant
19 V Mt. Burr sand 2a/1947 MB
20 V - VI Mt. Burr sand 3/1937 MB
21 V Mt. Burr sand 13/1926 MB
(c) Site quality sequence of different soils
22 III Mt. Burr sand 18/1940 MB
23 IV Mt. Burr sand 18/1940 MB
24 V Mt* Burr sand 18/1940 MB
25 II Nangwarry sand 57/1927 Pen
26 III Nangwarry sand 57/1927 Pen
27 IV Nangwarry sand 57/1927 Pen
*Pen = Penola Forest, MB = Mt. Burr Forest , Tant = Tantanoola
Forest, MG = Mt. Gambier Forest
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TABLE 2 , 5 . L i t t e r  A ccum ulation  in  age sequences on SQII and 
SQV s ta n d s  on sand dune s o i l s  (mean + s ta n d a rd  
e r r o r  o f  50 sa m p le s ) .
Age in  L i t t e r  W eight (x10^kg /ha)
y e a r s  p qay Gr p la y e r  T o ta l
S i t e  Q u a li ty  I I
10 - - IO .7O+O.52
20 I I . 7O+O.83 20.50+1.31 32.20+1.54
30 10 .02+ 0 .83 12 . 60+1 .6 4 22 . 62+0.61
40 6 .O4+ O .I8 18 .33+ 0 .94 24.37+0.57
S i t e  Q u a li ty  V
10 - - 6 .11+0.55
20 5 .5 2 + 0 .2 7 10.33+ 0 .54 15.86+0.60
30 6 .6 4 + 0 .2 4 9 . 58+0 .7 9 16.23+0.85
40 6 .5 3 + 0 .2 8 15.96+ 0 .74 22 .50+ 0 .84
D if fe re n c e  betw een SQ
L la y e r F la y e r T o ta l
a t  10 y e a rs - - ***
20 y e a rs V  -.V- V A T T T T *** V  V  V  Jv  7J A
30 y e a rs N .S . ***
40 y e a rs N .S . N .S . N .S .
S ig n if ic a n c e s  * P K 5 ** P < 1 *** P <  0.19g; N .S . n o t
s i g n i f i c a n t .
The p ro p o r tio n  o f  th e  t o t a l  l i t t e r  w eigh t o c c u r r in g  in  
th e  d i f f e r e n t  l a y e r s  v a r ie d .  A d i s t i n c t  s t r a t i f i c a t i o n  in to  
L and F - l i t t e r s  was n o t g e n e ra lly  e v id e n t in  s ta n d s  younger 
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to  re c o g n ise  p ie c e s  o f  b rack en  f e rn  ( F te r id iu m ) in  th e  l i t t e r  
a lth o u g h  l iv in g  b rack en  was r a r e l y  p r e s e n t .  F o llo w in g  th e  
d iv i s io n  in to  th e  two s t r a t a ,  th e  p ro p o r tio n  o f th e  t o t a l  
l i t t e r  in  th e  L - la y e r  v a r ie d  betw een 25% -and 44% in  th e  SQII 
s ta n d s ,  and betw een 28% and 41 % in  th e  SQV s ta n d s .  In  b o th  
s c r i e s  th e  o ld e s t  s ta n d s  c o n ta in e d  th e  s m a lle s t  p ro p o r tio n s  
o f  L - la y c r  l i t t e r .
2 .3 * l ( c )  E f fe c t  o f  van ia j bions i n s i t e j j u a l i t y  on a c cumula t io n  
An s_ t^ d s  aged betw een 30-40 y e a r s
In  th e  fo re g o in g  s tu d y  i t  was im p o ss ib le  to  c o n t ro l  s i t e  
q u a l i t y ,  s o i l  and th in n in g  h i s to r y  p r e c i s e ly  w ith in  any one 
s i t e  q u a l i ty  sequence . F o r exam ple, in  b o th  s e r i e s  th e re  
would be d i f f i c u l t y  in  i n t e r p r e t i n g  th e  30 y e a r - o ld  s ta n d  
accu m u la tio n s  as  p a r t  o f  th e  r e s p e c t iv e  s e r i e s .  N e v e r th e le s s ,  
th e  fo,ct th a t  th e re  \^as l i t t l e  d i f f e r e n c e  betw een th e  two 
s e r i e s  in  th e  t o t a l  w eigh t o f  l i t t e r  accum ula ted  a t  40 y e a r s  
su g g e s te d  i t  would be w orthw hile  to  f u r th e r  examine th e  
in f lu e n c e  o f  s i t e  q u a l i ty  on accu m u la tio n  by m easuring  
l i t t e r  w eight in  a  s c r i e s  o f  s ta n d s  v a ry in g  in  s i t e  q u a l i ty  
b u t w ith in  th e  age ran g e  30-40 y e a r s  and on s im i la r  s o i l s .
A number o f  s ta n d s  w ith in  th e  s i t e  q u a l i ty  range  
SQII to  SQV, and aged 30 to  40 y e a r s , w ere lo c a te d  on e i t h e r  
Nangwarry o r  K t. B urr sa n d s . A ll  s ta n d s  had  been  s u b je c te d  
to  no rm al, i . e .  m oderate th in n in g  re g im e s . L i t t e r  w eig h ts  
accum ula ted  a re  s e t  ou t in  T ab le  2 .6 .
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TABLE 2.6. The influence of differences in site quality on 
the amounts of litter accumulated in 30 and 40 













Significance * * * * * *
L.S.D. P < Jjo 2.50 2.41
P <T 1# 3.30 3.18
Within the age range 30-40 years, variation in site 
quality within the range SQII-SQV lias no consistent influence 
on the weight of litter accumulated. Different amounts of 
litter were found at the various sites but these were not 
related to the sequence of site quality classes. At 30 years 
the total litter present ranged from 19»350 kg/ha to 22,620 
kg/ha, while at 40 years it ranged from 22,020 kg/ha to 
26,110 kg/ha.
It may be important to note, however, that in stands 
with site qualities outside this range (i.e. SQII-SQV), 
litter accumulations may be influenced by site quality.
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For example the 30 year old stand in the SQV-age sequence 
(Table 2*5) bad a site quality lower than SQV, and a litter 
weight lower than that recorded in another SQV stand of the 
same age, and on the same soil type (Table 2.6). Observations 
elsewhere support this qualification. A marked difference in 
litter accumulation which is probably attributable to site 
quality has also been noted in adjacent 28 year-old stands in 
the A.C.T, (Ann. Rc-pt. Forestry and Timber Bureau, 1967)« In 
this case litter weight was measured in two stands separated 
by an abrupt aspect change. The stand on an exposed aspect 
had a site quality less than the equivalent of a South 
Australian SQV and the litter weight was markedly less than 
that found on the sheltered aspect.
Further sampling is necessary to describe fully the 
changes occurring in the litter layers of these forests as 
stands of different site quality grow older. However the 
available data suggests the influence of site quality alone 
(within the range SQII-SQV) is not a major influence on 
accumulation by 30-40 years at sites where the soil type is 
broadly similar.
2.3.1(d) Effect of thinning on accumulation
'While the initial effect of thinning might be to 
increase the litter decomposition rate by increasing the amount 
of solar radiation received at the forest floor, the rate of 
accretion of organic matter in the form of thinning slash
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would a ls o  be in c re a se d . In  e s ta b l is h in g  reaso n ab le  sam pling 
c o n s t r a in ts  to  th e  s tudy  of l i t t e r  accum ulation in  d i f f e r e n t  
s ta n d s , i t  was n ecessa ry  to  e s ta b l i s h  whether th in n in g  in  
P , r a d ia ta  f o r e s ts  in  South A u s tra l ia  had an a p p re c ia b le  
in f lu e n c e  on l i t t e r  accum ulation*
P rev ious sam pling had been c a r r ie d  out in  un th inned  
sample p lo ts  on b o th  SQII and SQV s i t e s ,  and a d d i t io n a l  
sam pling was done in  ad jacen t th in n ed  a re a s . The r e s u l t s  axe 
shown in  Table 2.7*
TABLE 2 .7  Weight o f l i t t e r  accum ulated in  th inned  and un th inned  
s tan d s  o f P , r a d ia ta  (x10^kg/ha) 
mean + s tan d a rd  e r ro r  of 50 sam ples.
S it e Unthinned Thinned S ig n ific an c e
Stand Stand o f d if fe re n c e
(a )  L l i t t e r
SQII - 20 y ears 11.70+0.83 6 . 53+0.32 * * *
SQII - 30 y ears 10.02+0.83 7 . 65+0.43 *
SQII - 40 y ears 6.04+0.18 7.61+0.25 * * *
SQV - 30 y ears 6.64+0.24 5.54+0.27 N.S.
SQV - 40 y ears 6.53+0.28 6.17+0.22 N.S.
(b) F l i t t e r
SQII - 20 y ea rs 20.50+1.31 18 . 52+0 .97 N.S.
SQII - 30 y ears 12 . 60+1•64 I I . I 7+O.89 N.S.
SQII - 40 y ears I 8 . 34+O.94 I 6 .OO+O.99 N.S.
SQV - 30 y ears 9 . 58+0 .79 I I . 44+O.66 N.S.
SQV - 40 y ears 15 . 96+0.74 13.86+0.88 N.S.
(c )  T o ta l
SQII - 20 y ears 32.20+1.54 25 . 05+0.99' * *
SQII - 30 y ears 22.62+0.61 18 . 82I 0 .8 5 *
SQII - 40 y ea rs 24.37+0.57 23 . 61+1.07 N.S.
SQV - 30 y e a rs 16.23+0.85 16 . 98+0 .99 N.S.
SQV - 40 y ea rs 22.50+0.84 20.03+0.67 N .S .
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T his l im ite d  study  shows th a t  the  e f f e c t  o f th in n in g  on 
th e  w eight o f l i t t e r  accum ulated v a r i e s .  Thinned s tan d s  
c o n ta in  g re a te r  o r le s s e r  amounts o f l i t t e r  than  un th inned  
s tan d s  and no c o n s is te n t  e f f e c t  o f  th in n in g  on l i t t e r  
accum ulation  i s  see n . In  most cases th e  d if fe re n c e s  a re  sm all 
(a lth o u g h  l i t t e r  w eight in  the  20 y ear o ld , un th inned  SQII 
s ta n d , exceeded th a t  in  the  a d ja c e n t th inned  s tan d  by 28ft). 
Where d if fe re n c e s  do occur, they  a re  p rim arily  due to  
d if fe re n c e s  in  th e  w eight of L - lay e r l i t t e r  accum ula/tions; 
th e re  a re  no s ig n i f ic a n t  d if fe re n c e s  between F - la y e r  l i t t e r s  
in  th in n ed  o r un th inned  s ta n d s .
2 .3 .1 (e )  The in f lu e n c e  of v a rio u s  s tan d  param eters on l i t t e r  
accum ulation  -  d isc u ss io n  and conclusions 
These measurements o f l i t t e r  accum ulation su g g es t b e t te r  
q u a l i ty  s tands have a ra p id  accum ulation  of o rgan ic  m a tte r  in  
th e  l i t t e r  la y e rs  d u rin g  the  f i r s t  20 years  of developm ent and 
th a t  th e  r a t e  o f accum ulation  may decrease  a f t e r  t h i s  tim e . 
S e v e ra l o th e r w orkers have measured s im ila r  part te rn s  o f 
accum ulation  w ith  tim e in  P . r a d ia ta  s ta n d s . R itc h ie  (1968) 
observed  a ra p id  in c re a se  in  the  l i t t e r  w eight d u rin g  th e  
f i r s t  20 y ears  in  h ig h  q u a li ty  s tan d s  on sand dune s o i l s  in  
New Z ealand . L i t t e r  accum ulation reached  a maximum a f t e r  
15-20 y e a rs , bu t by 23 years  ( th e  o ld e s t  s tan d s  m easured), th e  
l i t t e r  w eight had d ecreased . In  A .C .T ., o b se rv a tio n s  by 
H am ilton (1964) in  an age sequence o f average q u a l i ty  s tan d s  
re v e a le d  a  l in e a r  in c re a se  in  l i t t e r  w eight d u rin g  th e  f i r s t
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20 years of stand development. About 15,000 kg/ha had 
accumulated after 20 years but smaller weights of litter were 
measured in stands aged between 20 and 25 years. The initial 
cause of this decrease in the litter weight may have been due, 
in this particular case, to a stand thinning occurring at 20 
years. However, the subsequent general rate of accumulation 
between 20 and 35 years was much less than that prior to 
20 years.
The sampling of litter accumulations in the older stands 
in South Australia was not intensive enough to determine whether 
a dynamic equilibrium between litter accumulation and litter 
decay was reached in these plantations during the first 40 
years. In other P. radiata forests, evidence has been found 
that such an equilibrium may occur within this time- span. The 
earliest at which this is reported to have occurred was after 
12 years in stands at Tumut, New South Wales (Forrest 1969)*
No measurements were made by Forrest in older stands but 
observations made in the Tumut region suggested that the 17,000 
kg/ha accumulated at 12 years was close to the maximum likely 
to occur. In contrast, Kittredge (1941, 1955) demonstrated an 
equilibrium had been reached in the litter accumulations 
(62,000 kg/ha) in plantations of P. radiata in California in 
stands older than 30 years. Measurements by Hamilton (1964) 
in A.C.T. showed litter accumulation in these stands 
approached an equilibrium (18,000 kg/ha) after 35 years.
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These reports of the influence of stand age on litter 
accumulation all suggest an equilibrium may be reached, or 
approached during the first 35 years of stand development. 
Clearly however, the time for equilibrium varies widely at 
different sites.
The general conclusions to be drawn from these preliminary 
measurements of litter accumulation in South Australia, and from 
the literature review are as followss
(a) Within the sand podsols and probably within all sand 
dune soils, variations in site quality within the 
range SQII-SQV appear to have little influence on 
the total weight of litter accumulated by 40 years.
(b) For practical purposes of sampling to determine the 
influence of the soil factor on litter accumulations, 
sampling within the range 30-40 years would probably 
avoid the periods of most rapid change in litter 
accumulations due to stand age. In fact it would
be difficult to locate an adequate number of stands 
on different soils at the upper end of this range 
(i.e. around 40 years).
(c) No clear cut influence of thinning on litter 
accumulation is apparent and hence a study of the 
influence of environment on accumulation might be 
carried out on stands subject to normal, moderate, 
thinning regimes. Again, it would be difficult
to locate an adequate number of unthinned stands on 
distinctive soils in the age classes between 30 and 
40 years.
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2.3*2 The in flu en c e  of the  s o i l  type  on l i t t e r  accum ulation 
W ithin th e  broad spectrum  of sand dune and sand dune 
d e riv e d  s o i l s  in  South A u s tra l ia ,  th e re  i s  evidence th a t  by age 
30-40 years  th e re  i s  no marked in f lu e n c e  of s i t e  q u a l i ty  
v a r i a t io n  on l i t t e r  accum ulation . However, o b se rv a tio n s  made 
th roughou t th e  p la n ta t io n  a re a  in d ic a te d  th a t  v a r ia b le  amounts 
o f l i t t e r  occu rred  a t  th e se  ages on s o i l s  o th e r th an  th e  common 
sand p o d so ls . An in v e s t ig a t io n  of th e  r e la t io n s h ip  between 
l i t t e r  accum ulations and th e  s o i l  p r o f i l e  was made by sam pling 
l i t t e r  accum ulations in  a number o f s tan d s  a s s o c ia te d  w ith  a 
b road  range o f  s o i l s .
2 .3 .2 (a )  S o i l  p r o f i l e s  examined
The s tan d s  s e le c te d  were a l l  w ith in  approx im ately  the  
same s i t e  q u a l i ty  c l a s s ,  i . e .  w ith in  th e  range SQIII+ to  
SQ.II+. A ll s tan d s  sampled were in  th e  age range 30-40 y e a rs , 
though th e  m a jo r ity  were a t  the  younger end o f th i s  ra n g e . A ll 
s tan d s  had been th in n e d  u sin g  the  normal th in n in g  reg im es. 
A f te r  a  p o ss ib le  sam pling s i t e  was s e le c te d  u s in g  Woods and 
F o re s ts  Department s i t e  q u a li ty  and s o i l  maps, th e  predom inant 
h e ig h t was m easured as an (approxim ate) check on s i t e  q u a l i ty .  
As s o i l s  may v a ry  over sh o rt d is ta n c e s  in  South A u s t r a l ia ,  th e  
s o i l  p r o f i l e  a t  each s i t e  was a lso  checked to  ensure a l l  
l i t t e r  samples were tak en  from w ith in  th e  l im its  o f the  
p a r t i c u la r  s o i l  b e in g  s tu d ie d . The lo c a tio n  of th e  fo u r te e n
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stands selected for study are given in Table 2.4. The 
sampling method was similar to that previously outlined 
(Section 2.3.1a).
The soils sampled include
( i) sand podsols of the Nangwarry and Mt. Burr 
complexes
( ii) a sandy meadow podsolic
(iii) a Wandilo sand (humus podsol)
( iv) a "transitional” between a Nangwarry and a Wandilo 
sand (see below)
( v) a deep terra rossa soil
( vi) a' shallow terra rossa soil (this was of necessity 
SQIY-Y)
(vii) several soils transitional between the sand podsols 
and the terra rossas
The soils transitional between the terra rossas and the 
sands had several forms. At one end of the transitional 
spectrum, the profile resembled a normal Mt. Burr sand but with 
a daacker surface colour. Another resembled the Mt. Burr sand 
but with a stronger red-brown, sub-surface colour. At the other 
end of the spectrum, the transitionals had bright, reddish- 
yellow clay at depth.
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A nother u n u su a l p r o f i l e  w hich w i l l  he r e f e r r e d  to  as a  
Nangwarry sand -  W andilo sand  t r a n s i t i o n a l  was sam pled. T h is  
s o i l  had a  v e ry  v a r ia b le  d ep th  o f a  ty p ic a l  Nangwarry sand A -  
h o r iz o n  over a  c la y  s u b s o i l  t h a t  was s im i la r  in  many r e s p e c ts  
to  a  W andilo sand c la y  h o r iz o n . The s o i l  ap p ea red  to  have a  
b e t t e r  m o is tu re  s t a t u s  th a n  m ost o f th e  norm al sand podso ls  
and was p ro b ab ly  b e t t e r  a e r a te d  th a n  most W andilo sa n d s . I t  
co u ld  r e p r e s e n t  a  s i t e  w here dune movement in  th e  p a s t  caused  th e  
encroachm ent o f sands over an o ld  W andilo sand  p r o f i l e .  I t  was 
grow ing a p a r t i c u l a r l y  f in e  SQII s ta n d  w ith  crowns w hich were 
h e a v ie r  and a  d a rk e r  g reen  th a n  th o se  t y p i c a l  o f  th e  norm al 
Nangwarry s a n d s .
B r ie f  p r o f i l e  d e s c r ip t io n s  o f a l l  th e s e  s o i l s  a re  g iv en  
in  A ppendix 2 .
2 .3 .2 (b )  L i t t e r  w e ig h ts  on d i f f e r e n t  s o i l  p r o f i l e s
Marked d i f f e r e n c e s  in  l i t t e r  w eigh t a r e  c l e a r l y  a s s o c ia te d  
w ith  th e  n a tu re  o f  th e  s o i l  p r o f i l e  (T ab le  2 .8 ,  F ig .  2 .2 ) .  
G r e a te s t  w eig h ts  o c c u r r  on th e  sand podso ls  ( e . g .  2 6 ,0 0 0 -28 ,000  
k g /h a  on M t. B u rr sands) w h ile  sm a lle r  amounts a r e  found on 
m ost o th e r  s o i l s ,  p a r t i c u l a r l y  s o i l s  t r a n s i t i o n a l  betw een th e  
sand  po d so ls  and t e r r a  ro s s a s  ( l e s s  th a n  19,000 k g /h a ) .
The co m p o sitio n  o f th e  l i t t e r  la y e r s  v a r i e s .  Thus th e  
L - la y e r  acc o u n ts  f o r  on ly  14$ o f  th e  t o t a l  w e ig h t on th e  






PUBS O j lp U B M
jospod tu s
MO 11 B l| S -  BSSOJ BJJ9}
o 10 o m o 1«































-  37 -
o th e r  s o i l s ,  On th e  deep t e r r a  r o s s a  s o i l  ( S i t e  14) > some o f 
th e  t r a n s i t i o n a l s  betw een sands and t e r r a  r o s s a s ,  and th e  
Nangwarry sand  -  W andilo sand  t r a n s i t i o n a l  ( S i t e  2 ) ,  i t  was some­
tim es d i f f i c u l t  to  d e te rm in e  th e  l i n e  o f d em arca tio n  betw een ML" 
and "F" l a y e r s .  On th e  sands t h i s  was v e ry  d e f i n i t e  -  a  la y e r  
o f b r ig h t  o range o r y e llo w  w hole n e e d le s  ly in g  lo o s e ly  over a  
la y e r  o f  g rey -brow n, b ro k en , decom posing n e e d le s  s t r o n g ly  m a tte d  
by fu n g a l s t r a n d s .  On th e  t r a n s i t i o n a l s  a t  some m ic r o - s i te s  
th e re  i s  no m a tted  la y e r ;  r a t h e r  a  lo o se  la y e r  o f  y e llo w  o r 
orange w hole n e e d le s  g ra d in g  in to  a  g rey -b row n , fragm ented  
la y e r  o v e r ly in g  th e  m in e ra l s o i l ,  In  e f f e c t ,  th e  l i t t e r s  on th e  
sand p o d so ls  a r e  d e f i n i t e  m or-type  humus l a y e r s ,  w h ile  s e v e ra l  
o f th e  l i t t e r s  on t r a n s i t i o n a l  s o i l  s i t e s  a r e  more r e p r e s e n ta t iv e  
o f m ull humus fo rm s.
TABLE 2 .8  L i t t e r  A ccum ulation  in  SQ.II s ta n d s  on d i f f e r e n t  s o i l s  
S tan d  age s 30+3 years»
L i t t e r  W eight (x10^kg/ha)
No. S o i l  L-- l i t t e r F - l i t t e r T o ta l
1 Narigwarry sand 4 .0 3 13.83 17.86
2 N angw arry-W andilo sand 6 .14 5 .82 11.83
3 W andilo sand 4.81 14.74 19.55
4 S • meadow p o d so lic 10.05 12.59 22 .64
5 M t. B urr sand 5-92 21.80 27.72
6 M t. B u rr sand 3.66 22 .86 26 .52
7 M t. B u rr sand 5 .05 16.72 21 .77
8 MBS -  t e r r a  ro s s a 4 .8 2 10.45 15.27
9 MBS -  t e r r a  r o s s a 3 .94 12.34 16.27
10 MBS -  t e r r a  r o s s a 4 .5 7 12.87 17.18
11 Sand -  t e r r a  r o s s a 3 .19 16.00 19.12
12 T e r r a  ro s s a 4 .13 12.38 16.50
13 T e r r a  ro s s a 3 .73 22.76 26 .34
S ig n i f ic a n c e *** - K -+ -X -
L.S.D . P < % 0 .0 8 0 .29 0 .3 0
P < 11o 0.11 0 .3 8 0 .4 0
14 T e r r a  ro s s a  (Coonaw arra) 4 .3 9 2 .36 6 .75
S td .  e r r o r +0 .20 +0.79 +0.81
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Within the range of soils sampled, there are some 
interesting accumulation patterns. The soil referred to as the 
Nangwarry sand - Wandilo sand transitional has a particularly 
small accumulation (12,000 kg/ha) despite much larger 
accumulations on both the "parent” profiles (18,000, and
19.000 kg/ha respectively). Similarly, within the Mt. Burr 
sand complex, the Mt. Burr sand podsols had the greatest litter 
accumulation (28,000 kg/ha), while the Mt. Burr sand - terra 
rossa transitionals had considerably smaller accumulations 
(15,300 to 19,200 kg/ha). Of these transitionals, the heaviest 
accumulation (at Site 11) occurred at a relatively dry site close 
to a ridge top. The accumulations on the terra rossa soils 
themselves vary greatly with the depth of the soil. Most terra 
rossa soils are relatively dry due to the shallow profile above 
the limestone. Two of the shallow profiles sampled had
16.000 kg/ha (SQV) and 26,000 kg/ha(SQII-IIl). In contrast, 
the one stand sampled on a deep terra rossa soil had a 
remarkably small accumulation (6,700 kg/ha), by far the smallest 
litter weight within the whole soil range. Deep terra rossa 
soils are valuable agriculturally, and are rare within the 
plantation soils complex. In this particular case the stand 
was SQII, and at 36 years, was slightly older than most stands 
sampled.
Only a few other studies of litter accumulation in 
P. radiata stands have been made in Australia, and the litter 
weights measured on the sand podsols in South Australia appear
-  39 -
to  be l a r g e r  th a n  th o se  r e p o r te d  e lsew h ere . F o r r e s t  (1969) 
c o n s id e re d  th e  maximum acc u m u la tio n  on deep loam s o i l s  a t  Tumut 
was abou t 17 ,000  k g /h a . In  A .C .T . H am ilton observ ed  
acc u m u la tio n s  o f  betw een 17,000  and 23,000 k g /h a  in  30 y e a r  o ld  
s ta n d s .  In  New Z ea lan d , J i l l  ( 1964) r e p o r te d  13,000 k g /h a  o f  
undecomposed l i t t e r  in  35 y e a r  o ld  s ta n d s .
Y /hile some s ta n d s  grow ing on th e  deep sand p o d so ls  in  
Sou th  A u s t r a l i a  have g r e a te r  l i t t e r  a ccu m u la tio n s  th a n  th o se  
r e p o r te d  f o r  t h i s  s p e c ie s  in  A u s tra lia ,  and New Z ea lan d , s tu d ie s  
in  c o n i fe r  f o r e s t s  e lsew h ere  show th e  South  A u s t r a l ia n  
accu m u la tio n s  a r e  n o t e x c e s s iv e .  For exam ple, O vington (1954) 
found ac c u m u la tio n s  o f  betw een 7,400  and 31 .,000 k g /h a  f o r  
s e v e r a l  c o n i f e r  s p e c ie s .  Heyward and B a rn e t te  (1936) m easured 
up to  36 ,000  k g /h a  o f  l i t t e r  u nder s e v e ra l  P in e  s ta n d s  on sandy 
s o i l s  in  F lo r id a ,  and Jenny e t  a l .  (1949) o b se rv ed  n e a r ly  
190,000 k g /h a  u n d e r Ponderosa  p in e  in  th e  S i e r r a  N evadas. 
However, none o f  th e s e  s ta n d s  has a  p r o d u c t iv i ty  s im i la r  to  t h a t  
re c o rd e d  f o r  th e  P . r a d i a t a  f o r e s t s  in  S ou th  A u s tr a l ia *
The p a r t i c u l a r  p r o p e r t i e s  o f  th e  s o i l  p r o f i l e  w hich 
in f lu e n c e  th e  s i z e  o f  th e  l i t t e r  accu m u la tio n  w ith in  s ta n d s  o f  
s im i la r  p r o d u c t iv i t y  a r e  n o t c l e a r .  One fa -c to r cou ld  be th e  
m o is tu re  s t a t u s  o f  th e  s i t e .  Thus th e  deep , m o is t ,  t e r r a  r o s s a  
s i t e  ( s i t e  14) had o n ly  6,700  k g /h a  o f  l i t t e r  w h ile  th e  
sh a llo w  d r i e r  t e r r a  r o s s a  s i t e s  c o n ta in e d  much g r e a te r  w e ig h ts .
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Minderman ( i 960) has l in k e d  l i t t e r  ty p e  w ith  s i t e  m o is tu re  
s t a t u s  in  hardwood f o r e s t s  in  H o llan d . A heavy mor humus was 
found on c o a r s e  te x tu re d  s o i l s  a t  w e ll d ra in e d  s i t e s  b u t more 
decomposed m u ll l i t t e r s  o c c u rre d  on f i n e r  te x tu r e d  s o i l s  o r 
w here th e  topog raphy  produced  a  m o is te r  s i t e .  I t  was su g g e s te d  
t h a t  a  more fa v o u ra b le  s o i l  m o is tu re  s t a t u s  cou ld  p ro lo n g  
th e  p e r io d  d u r in g  w hich m ic ro b ia l  a c t i v i t y  o c c u rre d , le a d in g  
to  g r e a t e r  d eco m p o sitio n  r a t e s .
However, w h ile  i t  may be a c o n t r ib u to r y  f a c to r  a t  some 
s i t e s ,  d i f f e r e n c e s  in  th e  s o i l  m o is tu re  s t a t u s  do n o t a p p ea r to  
be e n t i r e l y  r e s p o n s ib le  f o r  th e  p a t te r n s  in  accu m u la tio n  
observed  in  S o u th  A u s t r a l i a .  For exam ple, a  r e l a t i v e l y  d ry  
Nangwarry sand  ( S i t e  1) accum ula ted  a s  much l i t t e r  as a  
W andilo sand  s i t e  ( S i t e  3) w hich p ro b ab ly  has a  much m o is te r ,  
upper s o i l  p r o f i l e  f o r  much o f th e  y e a r .  A gain , th e  u n u su a l 
t r a n s i t i o n a l  s o i l  betw een th e se  two ty p e s  ( S i t e  2) c o n ta in e d  
much l e s s  l i t t e r  th a n  e i t h e r  th e  Nangwarry sand  o r th e  W andilo 
sand .
2 .4  LITTER FALL
S u b s t a n t i a l  d i f f e r e n c e s  in  th e  a c c u m u la tio n  o f  o rg a n ic  
m a tte r  on th e  f o r e s t  f lo o r  in  South  A u s t r a l i a n  p la n ta t io n s  
app ea r to  be r e l a t e d  to  p a t te r n s  o f  v a r i a t i o n  in  th e  s o i l  
p r o f i l e .  W ith in  th e  one p ro d u c t iv i ty  c l a s s  th e r e  i s  much
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less litter accumulation on some sand - terra rossa 
transitionals than on the sands themselves. One explanation 
could be that litter fall on sand dune soils carrying SQ.II 
stands is substantially greater than that on sand - terra rossa 
transitionals of similar productivity. Although this seemed 
unlikely, it was necessary to determine what role differences 
in litter fall might play in the markedly different accumulations 
of organic matter on the forest floor.
2.4*1 Litter fall at different sites
Litter fall was collected at two sites on sand dune soils 
with heavy litter accumulations (Site 1 on a Nangwarry sand and 
Site 5 on a Mt. Burr sand) and at two sites on transitional soils 
with smaller litter accumulations (Site 2, the Nangwarry sand - 
Wandilo sand transitional, and Site 8, a Mt. Burr sand - terra 
rossa transitional)
At each site, monthly collections were taken from 15 
randomly distributed trays located within the area sampled 
for litter accumulation. Each tray had an area of 0,37 square 
metres (4 sq ft ), wooden sides 10 cm deep, and a nylon mesh 
base. The litter was oven dried at 80°C at the Forest Research 
Institute, Mt. Gambier and forwarded to Canberra. The litter 
was subsequently sub-divided into woody (i.e. female cones 
and twigs larger than 5 diameter) and non woody material
( a l l  o th e r  l i t t e r ) ,  oven d r ie d  and w eighed . The se a so n a l 
v a r i a t i o n  o f  t h i s  l i t t e r  f a l l  i s  shown in  F ig .  2 ,3  and th e  
an n u a l t o t a l s  in  T ab le  2 . 9 .
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TABLE 2 . 9 . Annual l i t t e r  f a l l  (k g /h a ) in  30 y e a r  o ld  SQII
2
s ta n d s  (b ased  on t r a p s  o f 0.37® ) •
S i t e  No. 1 2 5 8 S ig n i f - L. S. I).
S o i l Nang. Nang. M t. B urr M t. B u rr ic an ce
P<'51° ¥ < r / osand t r a n s i t sand t r a n s i t
1969
T o ta l
f a l l 3788 3255 3954 4079 *-* 493 656
Non-woody
f a l l 2743 3088 3485 3739 *** 246 328
1970
T o ta l
f a l l 3789 4125 3361 4195 *** 353 471
Non-woody
f a l l 3139 3919 3127 3855 **-* 190 252
The ran g e in  t o t a l l i t t e r  f a l l a t  th e  fo u r  s i t e s was
s im i la r  f o r  each o f  th e  two y e a rs  m easured , and w ith in  each 
y e a r  th e r e  w ere s ig n i f i c a n t  d i f f e r e n c e s  betw een s i t e s .  In  
1969, t o t a l  l i t t e r  f a l l  v a r ie d  betw een 3 ,300  k g /h a  and 4 ,1 0 0  
k g /h a , w h ile  in  1970, l i t t e r  f a l l  v a r ie d  betw een 3 ,400  k g /h a  
and 4 ,2 0 0  k g /h a  (T ab le  2 . 9) .  However, a t  any one s i t e ,  
l i t t e r  f a l l  v a r ie d  m arkedly  betw een th e  y e a r s .  The g r e a t e s t  
v a r i a t i o n  o c c u rre d  in  S i t e  2 w hich re c e iv e d  3 ,300  k g /h a  in  
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Although litterfall can vary between years according to 
the seasonal conditions, exploratory work by Pawsey (1959) in 
South Australia suggests the general magnitude of the litter 
falls in 1969 and 1970 Eiay be typical of that in average 
years, despite the effect of the 1967 drought* Pawsey measured 
litter fall in a single trap over four years at Mt. Burr and 
found a mean annual fall of 3,390 kg/ha which is similar to 
that reported in Table 2.9*
A generally steady litter fall was maintained at all 
sites throughout the year although some seasonal variation 
occurred (Fig* 2.3)* Most litter fell in April/May with 
secondary peaks occurring in July and September, Most of the 
August/Sept ember fall was composed of male cones. This 
seasonal pattern is similar to that observed by Pawsey and 
resembles the seasonal distribution of litter fall reported for 
P* radiata in New Zealand by Will (1959)
2,4*2 Relationship between litter fall and site
In both the years measured, the non-woody litter fall 
(i.e. needles and male cones) was greater at the two 
transitional soil sites* That is, more non-woody litter fell 
at the Nangwarry sand - Wandilo send transitional site (2) 
than at the Nangwarry sand site (1), and more non-woody litter 
fell at the Mt. Burr sand - transitional site (8) than at
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the Ivlt. Burr sand site (5)* However, there was no similar 
' relationship between the total litter fall and the soil profile.
It is doubtful whether the differences in litter fall can 
account for the differences in litter accumulation at the four 
sites. The litter weight accumulated at the Mt. Burr sand site 
(5) was 27,700 kg/ha and the weight at the Mt. Burr sand - 
terra rossa transitional soil site (8) was much less - only 
15>300 kg/ha. In contrast, the litter fall in 1969 an -^ 1970 
at Site 5, the Mt. Burr sand site (3,954 and 3,361 kg/ha) was 
less than that at Site 8, the Mt. Burr sand - terra rossa 
transitional site, over the sane period (4,079 and 4,195 kg/ha 
respectively).
It is possible that where site conditions markedly 
influence the weight of litter fall in any one year, the 
relationship between sites, in terms of total litter accumulated, 
could vary from year to year. However, most freshly deposited 
conifer litter appears to take nearly 3-5 years to decompose 
into the F layer (Ovington 1962) and this buffering action 
probably ensures that annual variations in litterfall have only 
a limited influence on the weights of litter accumulated in 
the F layer. These litter fall data suggest therefore that 
the size of the litter accumulations at each site may be due to 
differences in the decomposition process, rather than to
differences in the rate of litter fall
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In  summary, th o se  s tu d ie s  show th a t  a f t e r  abou t 30 y e a rs  
th e  in f lu e n c e s  o f  s ta n d  age and s i t e  q u a l i ty  on l i t t e r
a c c u m u la tio n  d im in ish  on sand dune and sand dune d e r iv e d  s o i l s .  
When s ta n d  age and s i t e  q u a l i ty  a r e  kep t more o r  l e s s  c o n s ta n t ,  
marked d i f f e r e n c e s  in  l i t t e r  w eig h t a re  a s s o c ia te d  w ith  
d i s t i n c t i v e  d i f f e r e n c e s  in  th e  s o i l  p r o f i l e s .  The g r e a t e s t  
w e ig h ts  o f  l i t t e r  a re  accum ula ted  on th e  w idespread, sand 
p o d so ls  w h ile  s m a l le r  acc u m u la tio n s  a re  found on o th e r  s o i l  
ty p e s ,  p a r t i c u l a r l y  on deep t e r r a  r o s s a s ,  and sand  -  t e r r a  
r o s s a  and o th e r  t r a n s i t i o n a l  s o i l s .  From th e  m easurem ents 
made o f  l i t t e r  f a l l  a t  d i f f e r e n t  s i t e s  i t  seems u n l ik e ly  t h a t  
th e  d i f f e r e n c e s  in  acc u m u la tio n  a r e  due to  d i f f e r e n c e s  in  th e  
an n u a l r e t u r n  o f  o rg a n ic  m a t te r .
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CHAPTER 3
NITROGEN AND PHOSPHORUS ACCUMULATION 
3.1 INTRODUCTION
Rodin and Bazilevich (1967) have described on a broad 
regional basis the large differences in plant biomass, nutrient 
content, and nutrient turnover between communities ranging 
from sub-Arctic to tropical rainforest. The mineral elements 
contained in the litter layers of these communities range from 
as little as 10 kg/ha in arid steppe communities and 180 kg/ha 
in tropical rainforest, to 1,000 kg/ha in some pine and spruce 
areas of the U.S.S.R. The proportion of mineral nutrients 
contained in the litter varies between 2Jo and 300^ of the total 
mineral nutrients in the plant biomass.
It has been suggested by Hartman (1959) that the high 
organic production by forests on soils regarded as being too 
infertile for agriculture may be due to the large amounts of 
easily soluble nutrients involved in biological circulation 
between plant and soil. In many forests however, large amounts 
of nutrients may be held within the organic matter of the 
ecosystem. Rennie (1955) suggested harvesting operations may 
result in a serious depletion of the nutrient capital of a 
forest ecosystem which could lead to a site decline if not 
remedied. This temporary immobilisation of nutrients within
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organic matter may reduce leaching losses in some situations, 
and Nye and Greenland (i960) have suggested the high nutrient 
contents of some rainforest species may reduce losses in this 
way. In other indigenous communities, the immobilisation of 
nutrients within organic matter can lead to a decline in the 
community vigour. For example, Specht et al, (1958) found 
considerable amounts of nutrients in a heath community were 
immobilised in litter layers and in dead organic matter retained 
on plants. It was suggested that with time the reduction in 
the turnover rate of nutrients in this relatively infertile 
ecosystem could lead to a degradation of the community.
The extent of nutrient turnover and rates of transfer of 
nutrients between components of the ecosystem are often 
difficult to determine. At least two major cycles have been 
cited as being of importance to forest nutrition (Remezov 1958). 
The cycle between the soil and plant community (i.e. the 
"biological cycle") depends on the relative solubility of a 
nutrient and its concentration within the system. This cycle 
may be supplemented or depleted by the external "geological 
cycle" which is concerned with the flow of nutrients into 
ecosystems from rainfall, dust, faunal migration and geological 
weathering, or by losses such as leaching or burning. A 
further pathway for the addition of nitrogen to the ecosystem 
is through fixation by free living bacteria (Delwiche and
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Wijler 1956) and also in the case of some pine stands, by 
an as yet unknown process in the soil-root region (Richards
1964).
Within the biological cycle, nutrient transfer from 
plant to soil is primarily by litter fall* However, 
considerable amounts of some nutrients may be leached from tree 
canopies by rainfall and enter the soil directly. In the case 
of nitrogen, the amount involved is likely to be small (Miller 
1963), However up to 20$ of the annual phosphorus return may 
reach the soil after being leached from pine canopies in this 
way (Will 1959)* In addition, some direct transfer between 
plant and soil occurs within the soil as a result of root 
death and root exudations. The annual amounts involved are 
unknown but are probably low (Miller 1963).
While differences between ecosystems in nutrient content 
and distribution can be attributed to many interrelated 
factors, the most significant feature of biological cycles is 
the nature of the organic matter turnover process, particularly 
with respect to the relative magnitudes of production, 
decomposition and accumulation of organic matter.
Within the South Australian plantation ecosystem, litter 
on the forest floor is greater on the sand dune derived soils 
than on soils derived wholly or in part from other parent
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materials. This thesis is directed towards an understanding 
of this phenomenon, and an evaluation of its possible 
significance to productivity decline in the second rotation 
stands.
In this chapter, several investigations are reported.
(i) A study of the nitrogen, phosphorus, and carbon 
contents of the litter layers in the fourteen SQII stands 
growing on soils ranging from sand podsols to terra rossas 
(Table 2.4). Nutrient contents and total nutrient weight data 
are also presented for the 8 stands varying in site quality 
and age on the sand dune derived soils (Table 2.4).
(ii) A collaborative and complementary study with
P.H. Chuong of foliar nutrient concentrations in stands on the 
same soils; this was carried out concurrently with the litter 
studies. These data have been reported in more detail by 
Chuong (1971) hut are recorded in this chapter. Their 
relationships with litter accumulation and litter nutrient 
status are explored in the following chapter (Chapter 4)•
(iii) An examination of the seasonal patterns of 
nutrient content in the litter fall collected in several 
stands on contrasting sites. The relationship between these 
data and the litter accumulations are also examined further 
in Chapter 4*
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3.2 ANALYSES OF LITTER ACCUMULATION AND LITTER FALL SAMPLES
The 50 random samples of litter taken to determine the 
amounts of litter accumulated at various sites (Tables 2.5 and 
2.8) have been used to determine nutrient (nitrogen and 
phosphorus) concentrations in litter and the weight of these 
elements immobilised in litter layers.
Analyses were made by
(a) randomly allocating the 50 random samples from the 
SQII stands on different soil types into 4 different 
groups. These were separately bulked, ground, and
a sub-sample taken from each for analysis.
(b) taking 4 sub-samples from the collections of litter • 
from the stands in the age sequences on SQII and 
SQV sites. The litters from each site were 
unfortunately available only as bulked samples at 
the time these nutrient analyses were made and no 
subsequent statistical analyses have been performed 
on these nutrient data.
(c) analysing the monthly litter fall collections taken 
in 1969 at sites t, 2, 5 and 8.^
These were separately sub-sampled and ground for 
analysis.
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3*2*1 Methods of analysis
(i) Nitrogen and phosphorus.
Nitrogen and phosphorus were analysed using a Technicon 
Auto Analyser (Williams and Twine 1967)* Samples were digested 
by a modified Kjeldahl procedure and nitrogen determined from 
the blue colour formed by the reaction of ammonia with 
hypochlorite and phenol. The measurement of phosphorus in the 
same digest depends on the formation of phosphomolybdate and 
its reduction to molybdenum blue by ascorbic acid.
(ii) Carbon
Carbon was analysed by the Schollenberger - Allison 
method, modified to allow material with high carbon contents 
to be analysed (Metson 1956). This is a wet oxidisation method 
using chromic acid as the oxidising agent.
(iii) Litter pH.
A 1:10 suspension of litter in glass distilled water was 
allowed to soak overnight and the pH was measured with an 
Instrumentation Laboratory Model 205 ph meter.
All analyses were expressed on a sand free basi3 using 
the correction for sand content described earlier (Section 
2,3*1 a ) .  Where sand contents were large, the litter nutrient 
contents measured may have included nutrients present in the 
soil material. In most soils however, the nitrogen and 
phosphorus of the surface horizons are low (Stephens et al. 
1941) and this error is likely to be small.
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3 .3  INFLUENCE OF SOIL ON NUTRIENT CONCENTRATION
3.3*1 N itro g e n  concent r a t io n
W ith in  th e  l i t t e r  a t  each  s i t e ,  l a r g e  d i f f e r e n c e s  v/ere 
re c o rd e d  betw een th e  n i t r o g e n  c o n c e n tra t io n s  o f  th e  L and 
F - la y e r  l i t t e r s  (T ab le  3 .1 ) •  The c o n c e n tra t io n  o f n i t r o g e n  
in  th e  L la y e r s  ran g ed  from  0 .9 $  to  1 .7 $  w h ile  th e  
c o n c e n tra t io n  in  th e  F la y e r s  ranged  from  2.1 $  to  3 «5$ *
Large d i f f e r e n c e s  o c c u rre d  in  th e  n i t r o g e n  c o n c e n tr a t io n  
in  l i t t e r s  from d i f f e r e n t  s i t e s .  In  l i t t e r s  from th e  sandy 
p o d so ls , th e  c o n c e n tra t io n  in  th e  L - la y o rs  was betw een 0 .9 $  
and 1 .3 $ , and in  th e  F ^ lay e rs  betw een 2 .1 $  and 2 .8 $ . The 
c o n c e n tra t io n s  in  l i t t e r s  from sand -  t e r r a  ro s s a  t r a n s i t i o n a l  
s o i l s  w ere g e n e ra l ly  g r e a t e r .  In  th e s e ,  L - la y e r  l i t t e r s  
c o n ta in e d  betw een 1 .2 $  and 1 .7 $  n i t r o g e n  and F - l i t t e r s  betw een  
2 .7 $  and 3.3"$ n i t r o g e n .
W ith in  th e  t e r r a  r o s s a  l i t t e r  g roup , c o n c e n tra t io n s  
m easured w ere in te rm e d ia te  betw een th o se  o f  th e  sand p o d so ls  
and th e  t r a n s i t i o n a l  s o i l s .  However, th e r e  was c o n s id e ra b le  
v a r i a t i o n  betw een t e r r a  r o s s a  l i t t e r s ;  th e  n it ro g e n  
c o n c e n tra t io n  o f th e  F - la y e r  on th e  low er s i t e  q u a l i ty  (SQIV) 
d r i e r  s i t e  ( S i t e  13) was 2 .13$  n i t r o g e n ,  w h ile  th e  c o n c e n tr a t io n  
in  th e  F - l i t t e r  on a  d eep e r t e r r a  r o s s a  ( S i t e  14) was n e a r ly  
3 .1 $ , i . e .  s im i la r  to  t h a t  o f  th e  t e r r a  r o s s a  -  sand 
t r a n s i t i o n a l s . The l i t t e r  from th e  t r a n s i t i o n a l  Nangwarry 
sand -  W andilo sand  s i t e  had a  p a r t i c u l a r l y  la rg e  c o n c e n tr a t io n  
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B ecause o f  i t s  im portance  to  f o r e s t  n u t r i t i o n ,  many 
in v e s t ig a t io n s  have exam ined th e  n i t r o g e n  c o n te n t o f  
decom posing o rg a n ic  m a t te r .  Some s tu d ie s  have r e v e a le d  a  
d e c re a s in g  c o n c e n tra t io n  as  l i t t e r  m a te r ia l  becomes more 
decom posed. O vington (1954) m easured n i t r o g e n  c o n te n ts  o f 
1.66% i n  th e  L - la y e r  and 1 .39% in  th e  F - la y e r  o f  Picc-a a b ie s  
and re c o rd e d  s im i la r  r e l a t io n s h ip s  betw een th e  n i t ro g e n  c o n te n ts  
o f  th e  L and F - la y e r s  f o r  Ab i e s , Fagus and Quercus s p e c ie s .  
C a rb a l la s  and G uihan (1966) have a l s o  re c o rd e d  a  d e c l in in g  
n i t r o g e n  c o n te n t in  decom posing l i t t e r  m a te r i a l .  I n  m ost 
l i t t e r  la y e r s  how ever, th e  g ra d ie n t  in  n i t r o g e n  c o n c e n tra t io n  
i s  th e  same as  t h a t  re c o rd e d  f o r  P . r a d i a t a  in  t h i s  s tu d y ; t h a t  
i s ,  th e  l a r g e s t  c o n c e n tra t io n s  a re  re c o rd e d  in  th e  lo w er l i t t e r  
s t r a t a .  M il le r  (1969) f o r  in s ta n c e ,  m easured 0.42% n i t ro g e n  
in  L - la y e r s  and 0.66% in  F - la y e r s  o f  th e  l i t t e r  o f  S c o ts  p in e  
(P . s y l v e s t r i s ) in  S c o tla n d . S im ila r  r e s u l t s  have been o b ta in e d  
by H eilm an (1966) and Adams e t  a l .  (1 9 7 0 ) .
Some o f  t h i s  n i t r o g e n  may come from  e x te rn a l  s o u rc e s .  
Bocock (1 9 6 3 ), f o r  exam ple, has n o te d  an  in c re a s e  in  th e  
n i t r o g e n  c o n te n t o f  decom posing l i t t e r  w hich he a t t r i b u t e d  to  
n i t r o g e n  added in  r a i n f a l l  and in s e c t  f r a s s  and th e r e  a re  
a ls o  r e p o r t s  o f  th e  p re se n c e  o f n i t r o g e n  f i x i n g  b a c t e r i a  in  
th e  low er la y e r s  o f  some l i t t e r s  (T chg ina  e t  a l .  1968).
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The extent to which nitrogen accretion processes occur 
in P, radiata stands in South Australia is not known. The most 
straight forward explanation of the larger nitrogen 
concentrations in F-litter layers is that nitrogen becomes 
incorporated in microbial tissue as carbon in fresh litter is 
utilised during microbial respiration and hence its 
concentration increases as the weight of organic matter 
diminishes.
Some of the nitrogen concentrations measured in these 
F-layers are relatively large when compared with reports of 
F-litter nitrogen concentrations in Pinus species elsewhere. 
Miller (1969) found the concentration in P. sylvestris was 
0.66$ and Ovington (1954) reported concentrations of between
O. 64$ and 1.77$ nitrogen in a number of species. Kittredge 
(1948) quotes analyses of nitrogen contents in several Pinus 
litters of between 1.15$ and 1.41$. For P, radiata in Now 
Zealand, Will (1964) adopted a mean total litter nitrogen 
content of 0.8$ in a study of ecosystem nitrogen cycling. (A 
comparable mean concentration for the total litter layer in
P. radiata stands in South Australia would be more than double 
this percentage.),
Some of the measurements recorded in the literature 
may be underestimates as few authors make any reference to 
corrections to account for the presence of mineral soil
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m a te r ia l  in  th e  o rg a n ic  l i t t e r  la y e r s  a r i s i n g  from fa u n a l 
a c t i v i t y .  These a n a ly se s  do su g g e s t however t h a t  th e  
c o n c e n tra t io n s  o f  n i t r o g e n  in  P . r a d i a t a  l i t t e r  in  S ou th  
A u s t r a l i a  a re  r e l a t i v e l y  la r g e  and t h a t  n i t r o g e n  may pass 
o n ly  s lo w ly  th ro u g h  th e  l i t t e r  la y e r s  in  th e s e  f o r e s t s .
3 .3 .2  Phosphorus c o n c e n tra t io n
The p a t te r n  o f  c o n c e n tra t io n  o f  phosphorus in  th e  l i t t e r  
la y e r s  i s  s im i la r  to  th a t  re c o rd e d  f o r  n i t r o g e n  c o n c e n tra t io n .  
Thus th e  phosphorus c o n c e n tra t io n s  in  th e  F - la y e r s  a re  
in v a r ia b ly  g r e a te r  th a n  th o s e  found in  L - la y e r  l i t t e r s  a lth o u g h  
th e  e x te n t  o f  th e  d i f f e r e n c e  betw een th e  L and F la y e r s  i s  n o t 
as g r e a t  as  th a t  re c o rd e d  f o r  n i t ro g e n  (T ab le  3 .1 ) .  In  th e  
L - la y e r ,  phosphorus c o n c e n tra t io n s  ran g ed  betw een 590 ppm and 
1 ,020 ppm; in  F - l i t t e r s  th e  c o n c e n tra t io n  ran g ed  from 89O ppm 
to  1 ,280  ppm.
As f o r  n i t r o g e n ,  s m a lle r  phosphorus c o n c e n tra t io n s  in  
F - la y e r  l i t t e r s  w ere g e n e r a l ly  found a t  th e  sand podso l s o i l  
s i t e s  w h ile  g r e a te r  c o n c e n tra t io n s  w ere m easured in  l i t t e r s  
from  t r a n s i t i o n a l  o r  o th e r  s o i l  s i t e s .  The phosphorus 
c o n c e n tr a t io n  in  th e  sand  podso l l i t t e r s ,  f o r  exam ple, 
v a r ie d  betw een 89O ppm and 9&0 ppm w h ile  s e v e r a l  l i t t e r s  from  
t r a n s i t i o n a l  s o i l  s i t e s  had phosphorus c o n c e n tra t io n s  in  
ex cess  o f 1 ,000  ppm. R e la t iv e  to  th e  n i t r o g e n  c o n c e n tra t io n s  
how ever, l i t t e r  phosphorus c o n c e n tra t io n s  w ere l e s s  v a r i a b le  
on th e s e  c o n t r a s t in g  s o i l  ty p e s .
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The concentrations of phosphorus in these L and F-layer 
litters are similar to those reported in the L and F-litters 
of Pinus species elsewhere (Ovington and Madgwick 1959» Miller 
1969» Forrest 1969)» In contrast to the present study 
however, some workers have found smaller concentrations of 
phosphorus in the more decomposed F-litters than in the 
L-layers. Thus Miller (19&9) measured in P. sylvestris a 
phosphorus content in L-litters of 800 ppm and a 
concentration in F-litters of 500 ppm. Will (1967) recorded 
a rapid initial decrease in the phosphorus content of freshly 
deposited P. radiata needles. This was attributed to a 
leaching loss. Subsequently the loss rate decreased and 
eventually the litter phosphorus concentration increased 
slightly. Will suggested this was due to microfaunal excreta 
or to an increasing immobilisation following microbial activity.
Despite the increase in the concentration of phosphorus 
from the L to the F-layer in South Australian litters, 
phosphorus appears likely to pass through the litter more 
readily than nitrogen. A microflora component, able to 
utilise readily organic phosphorus may contribute to this; 
for example, Theodorou (1968) has reported some P. radiata 
mycorrhiza fungi able to utilise directly organic phosphorus 
prior to mineralisation.
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3 .3 .3  Carbon concent r a t i o n
The ca rb o n  c o n te n ts  o f  l i t t e r s  on d i f f e r e n t  s o i l s  v a r ie d  
from  to  5 2 *7°/o i n  L - la y e r s  and from  3 7 *17° to  44*5$ in
F - la y c r s  (T ab le  3 * 1 ). Most F - la y e r  l i t t e r s  co n ta in e d  ab o u t 
20°/o l e s s  ca rb o n  th a n  t h e i r  r e s p e c t iv e  L - l i t t e r s .  T here  was 
no a p p a re n t a s s o c ia t io n  betw een th e  carb o n  c o n te n t o f l i t t e r  
and th e  ty p e  o f  s o i l  p r o f i l e .
3 .3*4  L i t t e r  pH
The pH o f  L - la y e r  l i t t e r s  v a r ie d  from  4*78 to  5*35 and 
th e  pH o f  F - la y e r  l i t t e r s  v a r ie d  from  4*65 to  5*14 (T ab le  
3 . 1 ) .  I n  m o st, b u t n o t a l l  l i t t e r s ,  th e  pH v a lu e s  o f  th e  
L - la y e r s  w ere g r e a te r  th a n  th o se  o f  th e  F - l a y e r s ,  T here w ere 
no r e l a t i o n s h i p s  betw een l i t t e r  pH and th e  ty p e  o f s o i l  
p r o f i l e  a t  th e  v a r io u s  s i t e s .
3 .4  INFLUENCE OF SOIL ON NUTRIENT ACCUMULATION
3 .4 .1  Ni t r o g e n  a c c u m u la tio n
L a rg e s t  w e ig h ts  o f  n i t r o g e n  w ere found  accum ulated  in  
F - la y e r  l i t t e r s  a l th o u g h  c o n s id e ra b le  w e ig h ts  were a ls o  
m easured i n  L - la y e r  l i t t e r s  (T ab le  3 .2 ) .  The t o t a l  n i t r o g e n  
accu m u la ted  in  th e  l i t t e r  la y e r s  v a r ie d  from  137 k g /h a  on 
th e  deep  t e r r a  r o s s a  s i t e  ( S i t e  14) to  680 k g /h a  on a  M t.
B urr sand  ( S i t e  5) • D e s p ite  t h i s  ra n g e , th e r e  i s  n o t a  
s t r o n g  r e l a t i o n s h i p  betw een th e  s o i l  p r o f i l e  and l i t t e r
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TABLE 3 .2 .  W eight o f  n i t r o g e n  and phosphorus c o n ta in e d  in  
l i t t e r  la y e r  o f SQII s ta n d s  on d i f f e r e n t  s o i l  
p r o f i l e s  (mean + SE ).
S i t e
No. L - la y e r F - la y e r T o ta l  l i t t e r
(a )
1
N itro g e n  (k g /h a )
N. sand  5 1 .866+2 .4 6 4 371.612+29.104 4 2 3 . 48+29.21
2 NS-WS 105.055+7.475 203.409+20.737 308.46+22.04
3 W. sand 76.527+4.627 4 5 8 . 414+3 5 .4 1 5 534 . 94+3 5 .7 2
4 S.M.P. 91.455+4.354 287 . 933+3 8 .7 0 3 3 7 9 . 39+3 8 .9 5
5 M .B.sand 72.520+4.038 606 . 912+4 6 .6 5 2 679 . 43+4 6 .8 3
6 M .B.sand 3 2 . 574+1 .4 9 8 472.288+38.755 504.86+38.78
7 T .F .s a n d 50.601+2.041 4 2 5 . 524+3 9 .0 1 4 476.12+ 39 .07
8 T r a n s i t . 78 .807+4.018 345.686+21.745 424.49+22.11
10 T r a n s i t . 7 8 . 832+3 .9 4 4 4 1 9 . 433+3 2 .4 5 2 498 .26+ 32 .69
11 T r a n s i t . 42 .554+2.246 428.480+30.331 471.03+30.41
12 T .r o s s a 5 7 . 407+2 .0 5 5 347.754+24.973 405 .16+25.06
13 T . r o s s a 55.017+2.793 485.471+58.978 540.49+59.04
14 T . r o s s a 64.752+3.286 72.357+24.415 137.11+24.63
(*)
1
Phosphorus (k g /h a )
N. sand  2 .7 5 2 + 0 .1 33 12.35+1.077 15 .10+ 1 .08
2 NS-WS 5.335+0.317 6.21+0.611 11 .54+ 0 .69
3 W. sand 4.281+ 0.356 15.47+1.272 1 9 . 75+1 .3 2
4 S.M.P. 7 .819+0.359 1 6 . 0 9 + '.1 6 3 23 .91+ 2 .19
5 M .B.sand 4.665+0.256 20 .92+ 1 .914 2 5 . 58+1 .9 3
6 M .B.sand 2.606+0.202 20 .32+1.249 22.93+ 1 .26
7 T .F .s a n d 2.989+0.149 1 5 . 90+1 .2 4 0 18.89+1 .25
8 T r a n s i t . 4 .296+0.275 10.76+0.671 15.69+0.72
10 T r a n s i t . 4 .419+0.187 13.94+0.991 1 8 . 36+1.01
11 T r a n s i t . 2 .373+0.213 14.72+1.003 17 .09+ 1 .02
12 T . r o s s a 3 .824+0.130 12 .49+4.043 16 .31+ 4 .04
13 T .r o s s a 3 .193+0.146 20.57+2.356 2 3 . 76+2 .3 6
14 T .r o s s a 3 . 578+ O .I7O 2.42+0.813 5.998+ 0.83
-  59 -
n i t r o g e n  acc u m u la tio n . S o i l s  w ith  l a r g e r  l i t t e r  accu m u la tio n s  
g e n e r a l ly  have th e  s m a lle r  l i t t e r  n i t r o g e n  c o n c e n tra t io n s ,  
and c o n se q u e n tly  a  s t r o n g  n i t ro g e n  a c c u m u la tio n -s o il  p r o f i l e  
r e l a t i o n s h i p  would n o t he e x p ec ted . In  f a c t  th e  t o t a l  
n i t r o g e n  accum ulated  in  l i t t e r  may be s im i la r  on d i s t i n c t l y  
d i f f e r e n t  s o i l s .  Thus a  Nangwarry sand  l i t t e r  c o n ta in e d  420 
k g /h a  w h ile  a  t e r r a  r o s s a  t r a n s i t i o n a l  s o i l  l i t t e r  c o n ta in e d  
498 k g /h a .  In  most c a s e s ,  th e  Mt. B u rr sand  -  t e r r a  r o s s a  
t r a n s i t i o n a l  s o i l s  had s m a lle r  w eigh ts  o f  l i t t e r  n i t r o g e n  th a n  
th e  M t, B u rr sand l i t t e r s .  The l i t t e r  n i t r o g e n  a t  th e  
Nangwarry sand  -  W andilo sand t r a n s i t i o n a l  s o i l  s i t e  (306 kg /ha) 
was s u b s t a n t i a l l y  l e s s  th a n  th a t  m easured a t  th e  Nangwarry 
sand  s i t e  (423 kg /h a ) o r  th e  W andilo sand  s i t e  (535 k g /h a ) •
The d a ta  show c o n s id e ra b le  amounts o f  n i t ro g e n  a re  
c o n ta in e d  in  th e  l i t t e r  and a re  hence te m p o ra r i ly  w ithdraw n 
from  th e  b io lo g ic a l  c y c le  in  th e  p la n ta t i o n  ecosystem . I f  th e  
e s t im a te  o f  Lewis and H ard in g  (1963) o f  th e  w eigh t o f n i t r o g e n  
in  a  S Q II, 30 y e a r  o ld  s ta n d  In  Sou th  A u s t r a l i a  i s  a c c e p te d , 
th e  p re s e n t  d a ta  show t h a t  up to  55y& o f  th e  n i t ro g e n  removed 
from  th e  s o i l  and in  th e  above-ground o rg a n ic  m a tte r  i s  
c o n ta in e d  in  th e  l i t t e r  l a y e r s .
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3.4*2 Phosphorus accum ulation
The w eight o f phosphorus accum ulated in  l i t t e r  ranged 
from 6 kg /ha  on th e  deep t e r r a  ro s sa  p r o f i l e  to  26 kg/ha on 
a Mt. B urr sand. The g re a te r  p ro p o rtio n  of th i s  phosphorus 
was co n ta in ed  in  th e  F - la y e rs  o f th e  l i t t e r  (Table 3 .2 ) .
As fo r  n itro g e n , th e re  i s  no s tro n g  r e la t io n s h ip  between 
th e  s o i l  type  and th e  w eight o f phosphorus accum ulated. 
N ev erth e le ss  because the range in  l i t t e r  phosphorus 
c o n c e n tra tio n  on th e  s e v e ra l  s o i ls  i s  n o t as g re a t as th a t  
fo r  th e  n itro g e n  c o n c e n tra tio n , the s o i l s  having  sm alle r 
l i t t e r  accum ulations have g e n e ra lly  lower phosphorus 
accum ula tions. For example, the  Mt. B urr sand l i t t e r s  a l l  
con ta ined  more th an  19 kg /ha w hile l i t t e r s  on Mt. Burr 
sand -  t e r r a  ro s s a  t r a n s i t io n a l s  co n ta in ed  16-18 k g /h a . 
S im ila r ly  th e  Nangwarry sand -  Wandilo sand t r a n s i t io n a l  had 
12 kg /ha  accum ulated w hile  th e  Nangwarry sand s i t e  and th e  
Wandilo sand s i t e  had 15 kg /ha and 20 kg /ha  o f l i t t e r  
phosphorus re s p e c t iv e ly .
Using Lewis and H arding1s (19^3) e s tim a te  o f phosphorus 
con ta ined  in  30 year o ld  SQ,II stands in  South  A u s tra l ia ,  the  
d a ta  show th a t  up to  30^  of the  phosphorus con tained  in  th e  
above-ground o rg an ic -m a tte r o f th ese  p la n ta t io n s  i s  lo c a ted  
in  th e  l i t t e r  la y e r s .
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3 .5  INFLUENCE OF STAND AGE AMD SITE QUALITY ON LITTER 
NUTRIENT CONTENT •
In  th e  fo re g o in g  s e c t io n s  i t  has been  shown t h a t  w here 
s ta n d  age and p ro d u c t iv i ty  a re  h e ld  more o r  l e s s  c o n s ta n t ,  
th e  l i t t e r  n i t r o g e n  c o n c e n tra t io n  v a r ie s  w id e ly  w ith  d i f f e r e n c e s  
in  th e  s o i l  p r o f i l e  (w here th e se  cover a  ran g e  from sands to  
t e r r a  r o s s a s ) • Phosphorus c o n c e n tra t io n s  a l s o  v a ry  w ith  s o i l  
ty p e  b u t th e  ran g e  i s  s m a l le r .  A ccum ulation  o f  phosphorus i s  
l e s s  on t e r r a  ro s s a s  and t r a n s i t i o n a l  s o i l s ,  and w h ile  t h i s  
i s  g e n e ra l ly  t r u e  o f  n i t r o g e n  as w e ll ,  th e  low l i t t e r  
n i t r o g e n  c o n c e n tra t io n  on some sands coup led  w ith  t h e i r  la r g e  
l i t t e r  a cc u m u la tio n  co n fu se  any d e f i n i t e  s o i l - l i t t e r  n i t r o g e n  
acc u m u la tio n  r e l a t i o n s h i p .
In  th e  fo llo w in g  s e c t io n ,  th e  n i t r o g e n  and phosphorus 
s t a t u s  o f  l i t t e r s  on th e  s e r i e s  o f  sand dune d e r iv e d  s o i l s  i s  
d e s c r ib e d .  The d a ta  a r e  p re se n te d  as  an age sequence in  SQ II 
and SQV s ta n d s  a lth o u g h  i t  i s  a g a in  n e c e s s a ry  to  q u a l i f y  any 
i n t e r p r e t a t i o n  by p o in t in g  to  th e  d i f f i c u l t i e s  in  h o ld in g  s i t e  
q u a l i t y ,  s o i l  and s ta n d  tre a tm e n t c o n s ta n t  to  o b ta in  any 
p r e c i s io n  in  th e  age p a t t e r n .  F u r th e r ,  th e  50 sam ples o f  
l i t t e r  from each s i t e  had been bu lked  p r io r  to  t h i s  s tu d y  
commencing and a lth o u g h  fo u r  sub-sam ples w ere used  fo r  
chem ica l a n a l y s i s ,  no e s t im a te  o f  v a r i a b i l i t y  in  l i t t e r  
n u t r i e n t  c o n c e n tra t io n  i s  p o s s ib le .  N e v e r th e le s s  th e r e  a r e  
u s e f u l  t r e n d s  in  th e  d a ta  and th e se  can  be examined a g a in s t
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th e  l im i te d  background o f  s im i la r  s tu d ie s  in  Pir n s  s p e c ie s .  
The c o n c e n tra t io n s  o f n i t r o g e n  and phosphorus in  th e se  
l i t t e r s  a re  shown in  T ab le  3 «3 and F ig .  3 .1 .
TABLE 3*3. N u tr ie n t  c o n c e n tra t io n s  and pH c h a r a c t e r i s t i c s  in  
l i t t e r  from s ta n d s  o f  d i f f e r e n t  s i t e  q u a l i ty  and 
age on sand dune d e r iv e d  s o i l s ,  (means o f  fo u r  
sub-sam ples)
S i t e  S i t e  N itro g e n  Phosphorus Carbon pH
No • ppm °fa
L -la y e r  l i t t e r s
15 I I  10 1.317 1080 51.4 5 .25
16 I I  20 1 .3 2 0 1190 5 2 .0 5 .34
4 I I  30 0.911 780 52.7 4 .7 8
17 I I  40 1.041 1100 49 .9 5 .10
18 V 10 0 .9 6 9 710 5 1 .6 4 .8 9
19 V 20 0.955 700 51.3 5 .0 4
20 V 30 0 .988 650 5 1 .8 4 .8 5
21 V 40 0.715 530 50.4 4 .9 5
F - la y e r  l i t t e r s  
15 I I  10 2 .220 1310 47 .5 5 .35
16 I I  20 1 .790 980 47 .9 5.11
4 I I  30 2.009 1170 44 .9 4 .9 2
17 I I  40 2 .387 1070 45.1 4 .9 5
18 V 10 1.866 1440 41 .0 5 .1 8
19 V 20 1 .744 1110 4 3 .4 5 .0 8
20 V 30 2.093 960 43 .6 4 .8 0
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3 .5 .1  N u tr ie n t concen t r a t io n
(a) N itrogen .
The c o n ce n tra tio n  o f n itro g e n  in  L - l i t t e r s  o f SQII 
s tan d s  ranged from 0.91 $  to  1 .32$ and in  SQV stands from 
0.72$ to  0 ,9 9 $ . In  F - la y e rs  th e  n itro g e n  c o n c e n tra tio n  o f 
the  SQII l i t t e r  v a r ie d  between 1.79$ and 2 .39$ w hile l i t t e r  
from SQV stan d s  v a rie d  between 1.74$ and 2 .09$ . W ithin  most 
age c la s s e s ,  th e  SQII F - la y e r  l i t t e r  had a g re a te r  
c o n c e n tra tio n  than  th e  co rrespond ing  SQV F - la y e r  l i t t e r #
N itrogen  c o n c e n tra tio n  v a rie d  w ith  s tan d  age. In  b o th  
s i t e  q u a l i ty  sequences, th e  sm a lle s t c o n cen tra tio n s  o f 
n itro g e n  were in  th e  L - lay e r l i t t e r s  from th e  o ld e r s ta n d s .
A re v e rse  tre n d  was s tro n g ly  expressed  in  F - l i t t e r s  fo llo w in g  
the  c le a r  s t r a t i f i c a t i o n  in to  L and F - la y e rs  ( i . e .  a f t e r  
10 y e a r s ) ,  and th e  la r g e s t  c o n ce n tra tio n s  were found in  
l i t t e r s  from o ld e r s ta n d s .
(b) Phosphorus
The co n ce n tra tio n  o f phosphorus in  SQII L -lay e r l i t t e r  
was g re a te r  than  th a t  in  SQV L - l i t t e r ;  in  th e  SQII l i t t e r  
c o n c e n tra tio n s  ranged from 780 ppm to  1190 ppm, w hile  in  
SQV l i t t e r  co n cen tra tio n s  ranged from 530 ppm to  710 ppm.
In  c o n tr a s t ,  phosphorus c o n ce n tra tio n s  in  th e  F - la y e r  l i t t e r s  
o f SQII s tan d s  were s im ila r  to  th o se  in  th e  F - la y e r  l i t t e r s  
o f SQV s ta n d s ; SQII F - l i t t e r  c o n ce n tra tio n s  v a r ie d  between
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980 ppm and 1,310 ppm w h ile  SQV F - l i t t e r  v a r ie d  between 910 
ppm and 1,440 ppm. The la r g e s t  F - la y e r  c o n ce n tra tio n s  were 
recorded  in  th e  l i t t e r  from th e  10 y ear o ld  SQII and SQV 
s ta n d s , o therw ise  th e re  were no marked tre n d s  in  phosphorus 
c o n c e n tra tio n  w ith  s ta n d  age in  e i th e r  th e  L or F - l i t t e r  
l a y e r s .
3.5*2 N u tr ie n t accum ulation  
(a ) N itrogen
N itro g en  c o n c e n tra tio n s  were combined w ith  th e  
measurements o f o rg an ic  m a tte r  accum ulation  a t  the  8 s i t e s  to  
c a lc u la te  th e  w eights o f n itro g e n  accum ulated in  the  l i t t e r  
la y e r s .  The d a ta  a re  shown in  T able 3*4*
TABLE 3*4* Weight o f l i t t e r  n itro g e n  (k g /h a) in  s tands o f  
d i f f e r in g  age and s i t e  q u a l i ty  on sand dune 
d eriv ed  s o i l s .
Age 10 y ears 20 y ears 30 years 40 y ears
SQII s tan d s 188 521 344 500
SQV stan d s 87 233 266 368
In  bo th  age sequences, l i t t e r  n itro g e n  accum ulated 
ra p id ly  u n t i l  th e  s tan d s  became 20 y ears  o ld . T h e re a fte r  
th e  amount decreased  in  th e  SQII sequence b e fo re  in c re a s in g
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again at 40 years to a level still below the maximum observed 
at 20 years. In the SQ,V sequence, the rate of increase in 
litter nitrogen changed markedly after 20 years and although 
nitrogen continued to accumulate, the rate of accumulation 
was less than that observed in the first 20 years of stand 
development.
Further sampling is necessary to establish fully the 
pattern of accumulation of litter nitrogen with time.
However some other studies in pine stands also show marked 
changes occurring after about 20 years of stand development. 
Ritchie (1968) measured litter nitrogen accumulation in high 
quality P« radiata stands on sand dune soils in New Zealand. 
Litter nitrogen accumulated rapidly during the first 20 years 
but decreased sharply after this period until the stands were 
aged 23 years. No further measurements were carried out but 
the pattern of accumulation in these first 23 years closely 
resembles the pattern in the better quality stands in South 
Australia. Ovington (1958) measured litter nitrogen 
accumulation in P. sylvestris over 55 years. In this study 
the maximum litter accumulation was found in the oldest 
stands examined. However a marked reduction in the weight 
of litter nitrogen also occurred at about 20 years and the 
accumulation rate increased again only after several years.
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There appears to he some evidence for suggesting 
therefore that a reduction in the rate of litter nitrogen 
after about 20 years may occur in many (high quality) pine 
stands. This may be due to a change in the nature of the 
decomposer organism population following the period of rapid 
litter accumulation after canopy closure in these stands.
In lower quality stands on the other hand, canopy closure 
occurs later and the rate of litter accumulation is possibly 
more easily matched by the decomposer organisms. Consequently, 
the rate of accumulation of litter nitrogen is more constant. 
Further studies are necessary to investigate these patterns.
(b) Phosphorus
The amounts of phosphorus contained in the litter 
layers of the two age sequences are shown in Table 3.5
TABLE 3«5* Weight of litter phosphorus (kg/ha) in stands of 
differing age and site quality on sand dune 
derived soils.
Age 10 years 20 years 30 years 40 years
SQII stands 13.8 33.9 24.3 26.3
SQV stands 6.6 15.3 13.6 18.1
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In both age sequences, the amount of litter phosphorus 
accumulated increased until the stands were aged 20 years. 
Samples taken at 30 years however, contained smaller phosphorus 
contents in both age sequences. By 40 years, the size of the 
accumulations had increased once again. These patterns are 
similar to the age sequence measured by Ovington (1959) in 
the litter layer of P. sylvestris, where a change was also 
observed in the rate of phosphorus accumulation after about 
20 years; at 30 years the weight of litter phosphorus decreased 
slightly but thereafter the accumulations slowly increased. 
Again, further sampling is necessary to confirm the pattern 
of accumulation in P, radiata.
3.6 FOLIAGE NUTRIENT LEVELS
While litter accumulation was being sampled on the 
series of 30 year-old SQII stands covering a range of soils, 
foliar nutrient samples were obtained from the same series 
of stands. This was done to examine the way soil type 
influences foliar nutrient levels, and particularly the way 
these levels vary with needle age. Methods and data are 
described by Chuong (1971)« Briefly, 8 dominant and 
co-dominant trees were randomly selected from the stands on 
each soil type and a sample branch was removed using a rifle.
It was prescribed that the branch had, if possible, to be 
the fourth whorl back from the leading shoot (to give four
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years*  n e e d le s ) .  Where t h i s  was n o t p o s s ib le  th e  b ran ch  had 
to  be v ig o ro u s ly  expanding  and no more th a n  s ix  y e a rs  o ld .
The 1, 2 , 3 and 4 y e a r  n e e d le s  w ere sam pled from each b ra n c h , 
oven d r ie d ,  ground and sub -sam p led . N itro g e n  and phosphorus 
c o n c e n tra t io n s  w ere d e te rm in ed  f o r  each t r e e  and n e e d le  age 
u s in g  th e  methods d e s c r ib e d  e a r l i e r .  The d a ta  i s  p re se n te d  
in  T ab le  3 .6  and F ig s .  3 .2  and 3 .3 .
3 .6 .1  F o l i a r  n i t r o g e n  c o n c e n tra t io n s
D if fe re n c e s  w ere found in  th e  n i t r o g e n  c o n c e n tra t io n  
o f  one y e a r  o ld  n e e d le s  o f  t r e e s  on d i f f e r e n t  s o i l s  (T ab le  
3 .6 ) .  However, th e s e  d i f f e r e n c e s  w ere n o t r e l a t e d  to  th e  
v a r io u s  s o i l  ty p e s .  For exam ple, f o l i a r  n i t ro g e n  
c o n c e n tra t io n s  in  t r e e s  on sand p o d so ls  v a r ie d  betw een 1 .4 0 $  
and 1 .8 2 $ , in  t r e e s  on t e r r a  ro s sa s  betw een 1 . 50$  and 1*56$ 
and in  t r e e s  on sand  -  t e r r a  ro s s a  t r a n s i t i o n a l  s o i l s ,  betw een  
1 .53$  and 1 .9 8 $ .
At a l l  s i t e s ,  f o l i a r  n i t ro g e n  was r e d i s t r i b u t e d  as  th e  
n e e d le s  aged and d i s t i n c t i v e  p a t te r n s  a re  e v id e n t (F ig .  3 . 2 ) .  
In  t r e e s  grow ing on sand p o d so ls , n i t r o g e n  c o n c e n tra t io n s  
d e c re a se d  r a p id ly  w ith  in c re a s in g  n e e d le  a g e . For example 
a t  th e  sand  podso l a t  S i t e  7> th e  n i t r o g e n  c o n c e n tra t io n  in  
th e  one y e a r  o ld  n e e d le s  was 1 .8 2 $  b u t d e c re a se d  w ith*age to  
1 .1 0 $  in  th e  fo u r  y e a r  o ld  n e e d le s .  In  c o n t r a s t ,  th e  r a t e  
o f  r e d i s t r i b u t i o n  in  n e e d le s  on t r e e s  on t e r r a  ro s s a  and
-  69  -
TABLE 3 .6 .  N u tr ie n t  c o n c e n tra t io n  in  f o l i a g e  o f  30 y e a r - o ld ,  
SQ.II P . r a d i a t a  s ta n d s  on d i f f e r e n t  s o i l  p r o f i l e s .  
Means o f e ig h t  t r e e s  p e r  s i t e .  (Sampled November 
1968) .













1460 770 570 420
2 Nangwarry -  
W andilo sand 2 .03 1 .84 1 .4 4 1 .16 1290 1190 890 650
3 W andilo sand 1 .63 1.51 1 .26 1 .18 1130 850 870 790
4 Sandy meadow 
p o d s o lic 1 .5 6 1.33 1 .38 1 .25 1270 950 980 680
5 M t. B urr sand 1 .49 1 .33 1 .34 1.02 1210 860 780 670
6 M t. B urr sand 1 .64 1 .34 1 .07 1 .0 0 1110 760 570 440
7 M t. B urr sand 1.82 1.56 1 .38 1 .10 1470 870 720 680
8 M B S-terra  ro s s a 1 .67 1.62 1 .53 1 .29 1510 1260 1100 1000
9 M B S-terra ro s s a 1 .53 1.41 1 .23 1 .25 1190 770 670 470
10 M B S-terra  r o s s a 1 .98 1.73 1 .52 1 .35 1120 1000 870 680
11 S a n d - te r r a  r o s s a 1 .82 1 .68 1 .49 1 .3 0 790 670 620 540
12 T e r r a  ro s s a 1 .56 1 .39 1 .33 1 .27 1220 950 820 610
13 T e r ra  ro s s a 1 .50 1.45 1 .37 - 1390 1010 820 -
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meadow podsolic soils was more gradual, e.g. at Site 12 the 
nitrogen concentration was 1.5Öfo in one year old needles 
and 1.27% in four year old needles. The pattern of 
redistribution in the foliage of trees on transitional soils 
was generally intermediate between these, although a 
steeper nitrogen content-needle age gradient was measured 
for the stand at Site 2 (Nangwarry sand - V/andilo sand 
transitional soil)•
Because of a combination of differences in the nitrogen 
concentration of one year-old needles and differences in the 
patterns of translocation, the nitrogen concentrations in the 
oldest needles on trees on the sand podsols were generally 
smaller than those at most other sites.
3.6.2 Foliar phosphorus concentration
The patterns of redistribution of phosphorus measured 
were broadly similar to those recorded for nitrogen. There 
were large differences in the concentrations of phosphorus 
in one year-old needles but these were not related to 
differences in the soil profile (Table 3.6). Thus the 
phosphorus concentration in young needles on trees 
on sands varied between 1,110 ppm and 1,470 ppm while those 
on terra rossas varied between 1,220 ppm and 1,390 ppm, and 
those on terra rossa transitionals varied between 790 ppm 
and 1,510 ppm.
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The p a t te rn s  o f  r e d i s t r i b u t i o n  o f  phosphorus d i f f e r e d  
from th o s e  o f n it ro g e n  in  t h a t  th e  g r a d ie n t  o f  phosphorus 
c o n c e n tra t io n  w ith  n e e d le  age i s  p a r t i c u l a r l y  s te e p  on sand 
p o d so l s o i l s ,  e s p e c ia l ly  betw een th e  one and two y e a r -o ld  
n e e d le s  (F ig .  3*3) • For exam ple, a t  S i t e  7 , ‘the  f o l i a r  
phosphorus c o n c e n tra t io n  was reduced  by ab o u t 4 0$£ betw een 
one and two y e a r  o ld  n e e d le s .  On t e r r a  r o s s a  s o i l s ,  meadow 
p o dso ls  and t r a n s i t i o n a l  s o i l s  th e  g r a d ie n t  i s  l e s s  m arked.
Where n u t r i e n t s  a re  d e f i c i e n t ,  many p la n ts  have th e  
a b i l i t y  to  t r a n s lo c a te  n u t r i e n t s  to  d e v e lo p in g  t i s s u e  to  
m a in ta in  g row th . P a t te r n s  o f  t r a n s lo c a t io n  s im i la r  to  th o s e  
r e p o r te d  in  t h i s  s tu d y  have been re c o rd e d  in  p in e s  e lsew h ere  
(H a ll and Raupach 1963, H e in sd o rf  1967, H ausser and Y /it t ic h  
1969)» The S ou th  A u s t r a l ia n  d a ta  su g g e s t t h a t  t r a n s lo c a t io n  
o f n i t r o g e n  and phosphorus may be p a r t i c u l a r l y  e f f i c i e n t  in  
t r e e s  on th e  sand  p o d so ls , w here p o t e n t i a l  n u t r i e n t  d e f i c i e n c i e s  
may be g r e a t e s t .  The r e l a t io n s h ip s  betw een th e s e  p a t te r n s  
o f  f o l i a r  n u t r i e n t  r e d i s t r i b u t i o n  and th e  l i t t e r  accu m u la tio n s  
and n u t r i e n t  c o n te n ts  w i l l  be examined in  th e  fo llo w in g  
c h a p te r .
p t>
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3.7 litter  fall
3 . 7.1 N u tr ie n t  c o n c e n tra t io n
A nalyses o f th e  m onthly  c o l le c t io n s  o f  l i t t e r  f a l l  a t  
th e  fo u r  s i t e s  showed th a t  th e  c o n c e n tra t io n  o f n i t ro g e n  and 
phosphorus v a r ie d  w id e ly  d u r in g  th e  y e a r  a t  a l l  s i t e s .
G re a te s t  c o n c e n tra t io n s  w ere re c o rd e d  in  th e  second h a l f  o f  
th e  y e a r ,  p a r t i c u l a r l y  in  A ugust, O ctober and November; th e  
lo w est c o n c e n tra t io n s  were found in  th e  l a t e  summer and Autumn 
m onths. (F ig .  3*4, 3*5» T a b le  3 .7 )»
(a )  N itro g e n
N itro g e n  c o n c e n tra t io n s  reac h ed  more th a n  1.3/6 in  
A ugust and November, w h ile  c o n c e n tra t io n s  as  low as  0 .7  
w ere m easured in  A pril-M ay (F ig .  3 .4 ) .  The l a r g e s t  s e a s o n a l 
v a r i a t i o n s  w ere found in  th e  two sand  p o d so l s i t e s  ( i . e .  S i t e s  
1 and 5) » w h ile  l e a s t  s e a s o n a l v a r i a t i o n  o c c u rre d  in  th e  
l i t t e r s  from  th e  t r a n s i t i o n a l  s o i l  s i t e s .
(b ) Phosphorus
The same s e a so n a l p a t t e r n  was found f o r  v a r ia t io n s  in  
phosphorus c o n c e n tra t io n  (F ig .  3 » 5 ). The g r e a t e s t  
c o n c e n tr a t io n  o f  1 ,000 ppm was o b served  in  November, and m ost 
c o n c e n tra t io n s  in  A pril-M ay w ere abou t 500 ppm. The Nangwarry 
sand  s i t e  l i t t e r  had a  g r e a te r  annual v a r i a t i o n  in  
phosphorus c o n c e n tra t io n  th a n  th e  Nangwarry sand -  W andilo 
sand  t r a n s i t i o n a l  and th e  Mt. B u rr sand s i t e  l i t t e r  had a
<J—
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greater annual variation than the Mt. Burr transitional soil 
litter. The nitrogen concentration/phosphorus concentration 
(n /P) ratio remained, constant throughout the year at all sites.
These data support the evidence presented in the 
foregoing section (based on foliar samples taken at one time), 
indicating that nutrients were most strongly translocated in 
the foliage of trees growing on sand podsol profiles. The 
litter fall samples collected over a twelve month period also 
show that a strong seasonal redistribution of foliar nitrogen 
and phosphorus is a feature of trees growing on sand dune 
derived soils.
3.7*2 Nutrient weight
When expressed as weights of nitrogen and phosphorus 
returned to the litter layers, greater weights of both nutrients 
were added to the litter on the two transitional soil sites 
than on the corresponding Mt. Burr sand or Nangwarry sand 
sites (Table 3*7)* Thus the Nangwarry sand - Wandilo sand 
transitional site received 29 kg/ha of nitrogen while the 
Nangwarry sand site received less than 18 kg/ha. Similarly, 
the Mt. Burr sand - terra rossa transitional site received 
31 kg/ha while the Mt. Burr sand site received 27 kg/ha.
Despite these differences in input, greater weights of 
nitrogen and phosphorus are accumulated in the litter 
layers at the two sand sites than at the respective 
transitional soil sites.
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TABLE 3 . 7 » N u trie n t c o n c e n tra tio n  and w eight in  l i t t e r  f a l l  
du ring  1969 a t  s e v e ra l SQII s tan d s  on c o n tr a s t in g  
s o i ls
S i t e 1 2 5 8
S o il Nangwarry
Sand
Nangwarry
T ra n s i t io n a l
Mt. B urr 
Sand
Mt. Burr 
T ra n s i t io n a l
N itrogen  C oncen tra tion m .
Maximum 1 .3 3 7 1 .4 5 0 1 .3 2 5 1 .2 7 5
Minimum 0 .6 1 2 0.920 0 .7 2 5 0.700
Range O .725 0.520 0 .6 0 0 0 .5 7 5
Phosphorus c o n ce n tra tio n  (ppm)
Maximum 85O 660 1000 860
Minimum 480 485 350 475
R.ange 370 185 650 385
N u tr ie n t Weight (kg /ha)
N itrogen 1 7 .7 2 2 9 .4 5 2 7 .4 9 3 1 .2 7
Phosphorus 1 .3 3 1 .5 1 1 .7 8 2 .1 8
N/P r a t i o 1 3 .3 1 9 .4 1 5 .4 1 4 .3
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Year to  y ear v a r ia t io n s  occur in  th e  w eight of 
n itro g e n  and phosphorus in  th e  l i t t e r  f a l l .  However, th e  
m agnitude o f th e  y e a r ly  v a r ia t io n s  in  th e  d if fe re n c e s  in  
l i t t e r  f a l l  n itro g e n  o r phosphorus a t  d i f f e r e n t  s i t e s  would 
have to  be la rg e  to  s u b s ta n t ia l ly  a l t e r  th e  r e la t io n s h ip s  
between th e  accum ulations o f  l i t t e r  a t  d i f f e r e n t  s i t e s .  
F u r th e r , th e  w eight o f n u t r ie n t  added in  one y ear appears to  
be a  r e l a t i v e l y  sm all p ro p o rtio n  o f th e  t o t a l  accum ulated in  
th e  l i t t e r  a t  most s i t e s .  I f  th e se  amounts o f n u tr ie n t  in  th e  
l i t t e r  f a l l  a re  in  f a c t  r e p re s e n ta t iv e  of th e  l i t t e r  f a l l  
n u tr ie n t  over a  w ider tim e span, th e  d a ta  su ggest th a t  n itro g e n  
and phosphorus tu rn o v e r may be g re a te r  on th e  t r a n s i t io n a l  
s o i l s  th an  on th e  san d s.
The annual tu rn o v e r r a t e  (o r decom position  r a te )  can be 
c a lc u la te d  from th e  r a t i o  o f l i t t e r  f a l l s  l i t t e r  accum ulation 
when th e  ecosystem  i s  in  a  s tead y  s t a t e  c o n d itio n  (O lsen 1963)* 
While a review  by Bray and Gorham (1964) su g g ests  l i t t e r  
f a l l  in  P, r a d ia ta  f o r e s ts  i s  more o r le s s  co n stan t by 
30 y e a rs , l i t t e r  accum ulation may n o t re a ch  a s teady  
s t a t e  c o n d itio n  in  some s tan d s  ( e s p e c ia l ly  s tan d s  w ith  a  
poor s i t e  q u a li ty )  by th a t  ag e . N e v e rth e le ss , i t  i s  
p o ss ib le  th a t  a  s tag e  approaching a  s tea d y  s t a t e  co n d itio n  
is  reached by 30 y e a r s , and i f  th i s  i s  assumed, th e  
tu rnover r a te s  d esc rib ed  in  T able 3 .8  a re  o b ta in ed .
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TABLE 3 .8 ,  Amounts (k g /h a )  o f  n i t r o g e n ,  phosphorus and 
o rg a n ic  m a tte r  in  th e  an n u a l l i t t e r  f a l l  and 
accum ula ted  on th e  f o r e s t  f l o o r  a t  SQII s i t e s  
w ith  c o n t r a s t in g  s o i l  p r o f i l e s  : N itro g e n  and 
Phosphorus in  l i t t e r  f a l l  m easured in  1969*
S i t e








t r a n s i t i o n a l
N itro g e n
P a l l 17.70 29.45 27.50 31.30
Accum. 423 .48 308.46 679.43 424.49
R a tio 0 .042 0.095 0.040 O.O74
Phosphorus
P a l l 1 .33 1.51 1 .78 2 .18
Accum. 15 .10 11.54 25.58 15 .69
R a tio 0 .088 0.131 0 .070 0 .139
O rgan ic  M a tte r
P a l l  (1969) 3788 3255 3954 4079
( 1970) 3789 4125 3361 4195
Accum. 17860 11830 27720 15270
R a tio  ( 1969}I 0 .212 O.275 0.143 0 .267
( 1970) 0 .212 0.349 0.121 0 .275
✓
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In  a l l  cases  th e  f a l l s  a ccu m u la tio n  r a t i o  i s  g r e a te r  
on th e  t r a n s i t i o n a l  s o i l  s i t e s  ( S i t e s  2 and 8) th a n  on th e  
sand p o d so l s i t e s  ( S i t e s  1 and 5) in d i c a t in g  a  g r e a te r  
tu rn o v e r  r a t e  o f  o rg a n ic  m a t te r ,  n i t r o g e n  and phosphorus 
on th e  t r a n s i t i o n a l  s o i l  s i t e s .  T h is  s u p p o r ts  th e  s u g g e s tio n  
th a t  th e  amount o f  l i t t e r  accum ula ted  on a  g iven  s i t e  i s  n o t 
m erely  a  r e f l e c t i o n  o f  th e  w eigh t o f  l i t t e r  f a l l  a t  t h a t  s i t e ,  
h u t i s  s t r o n g ly  in f lu e n c e d  by th e  r a t e  o f  l i t t e r  d eco m p o sitio n  
on t h a t  s i t e .
3 . 8  CONCLUSIONS
The m ain p o in ts  made in  t h i s  c h a p te r  a re
( i )  As l i t t e r  moves from th e  L to  th e  F - la y e r ,  
n i t r o g e n ,  and to  a  l e s s e r  e x te n t  phosphorus becomes more 
c o n c e n tra te d  in  t h i s  o rg a n ic  m a t te r .  The c o n c e n tra t io n  o f  
n i t r o g e n  in  th e  F - la y e r  i s  ap p ro x im a te ly  d oub le  t h a t  in  th e  
L - la y e r .
( i i )  A t s i t e s  w here age and s i t e  q u a l i t y  a re  more
o r  l e s s  c o n s ta n t ,  th e r e  i s  a  la rg e  ran g e  in  l i t t e r  n i t r o g e n  
c o n c e n tr a t io n ,  from 2 .1 $  to  3 .5 $  in  F - la y e r  m a te r ia l .  The 
l i t t e r s  from  th e  sand p o d so ls  a r e  a t  th e  s m a lle r  end o f  
t h i s  ran g e  w h ile  l i t t e r s  from  t r a n s i t i o n a l  s o i l s  and deep 
t e r r a  ro s s a s  have g r e a te r  n i t ro g e n  c o n c e n tr a t io n s .  Some 
o f  th e s e  n i t r o g e n  c o n c e n tra t io n s  a r e  r e l a t i v e l y  la rg e  when 
compared w ith  c o n c e n tra t io n s  in  P in u s  l i t t e r  e lsew here
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(iii) The relationship betv/een soil profile and litter 
phosphorus is similar to that for nitrogen although the range 
in concentration is not as great.
(iv) There are large differences in the total weight 
of nitrogen accumulated in the litter layers - from 137 kg/ha 
to 680 kg/ha. Despite this range, there is not a strong 
relationship betv/een the soil type and the litter nitrogen 
accumulation. Soils with large litter accumulations generally 
have the smaller litter nitrogen accumulations, and 
consequently a strong litter nitrogen accumulation - soil 
type relationship would not bo expected. On the other hand, 
because the range in the litter phosphorus concentration is 
not as great as that for nitrogen, the soils having the 
smaller litter accumulations generally have only small
pho s phorus ac cumulations•
(v) The organic litter layers in P. radiata stands in 
the region contain up to 55$ of total above-ground organic 
nitrogen and up to 30$ of the above-ground phosphorus.
(vi) Nitrogen and phosphorus are both translocated 
from needles as the needles age, especially on sand podsol 
soils, and this could have important effects on litter
char ac t er i a t i cs
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(vii) Nutrient concentrations in the litter fall 
vary seasonally; the larger seasonal variations occur on 
sand podsol sites - a finding compatible with that of (vi) 
above. Greater weights of both nitrogen and phosphorus 
were added to the litter layers on the two transitional 
soil sites than on related sand podsol sites. Despite the 
smaller input on the sand podsol sites, greater weights of 
nitrogen and phosphorus are accumulated in the litter layers 
on sand podsol sites.
(viii) Assuming that all 30 year old stands are 
approaching a steady state condition, the turnover rate of 
organic matter, nitrogen and phosphorus on transitional 
soil sites is greater than that on sand podsol sites. That 
is, the amount of litter accumulated at a given site is not 
merely a reflection of the weight of litter fall at that 
site but is probably strongly influenced by the rate of 
litter decomposition at that site.
The discussion of litter and litter nutrient 
accumulations, foliar concentrations and litter fall is 
continued in Chapter 4 where interrelations between these 
parameters are explored by correlative techniques.
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CHAPTER 4
RELATIONSHIPS BETWEEN LITTER ACCUMULATIONS AND LITTER AND
FOLIAR NUTRIENTS
4 .1  INTRODUCTION
I t  h as  been  shown t h a t  th e  l a r g e r  l i t t e r  a c c u m u la tio n s  
fo u n d  on san d  dune d e r iv e d  s o i l s  i n  S o u th  A u s t r a l i a  c o u ld  
i n d i c a t e  s lo w e r  r a t e s  o f  l i t t e r  d e c o m p o s itio n  and  n u t r i e n t  
c y c l in g  on th o s e  s o i l s .  The re a s o n s  f o r  t h e s e  d i f f e r e n c e s  
i n  s ta n d s  o f  th e  same ag e  and  p r o d u c t i v i t y  a r e  n o t c l e a r ,  an d  
i n  t h i s  C h a p te r ,  a  p r e l im in a r y  a n a ly s i s  o f  some o f  th e  
r e l a t i o n s h i p s  be tw een  l i t t e r  a c c u m u la t io n  and  l i t t e r  and 
f o l i a r  n u t r i e n t  l e v e l s  i s  p r e s e n te d .
I n  many r e s p e c t s ,  th e  l i t t e r  l a y e r s  fo u n d  u n d e r 
P , r a d i a t a  i n  S o u th  A u s t r a l i a  have fo rm s s i m i l a r  to  th e  m u lls  
and  m ors fo u n d  in  n o r th e r n  h e m isp h e re  f o r e s t s .  On san d  p o d s o ls  
f o r  i n s t a n c e ,  t h i c k  l a y e r s  o f  f ra g m e n te d , decom posing  l i t t e r ,  
m a tte d  w i th  fu n g a l  hyphae  and  s h a r p ly  s e p a r a te d  from  th e  
m in e r a l  s o i l  re se m b le  th e  mor humus fo rm s . On th e  o th e r  h a n d , 
th e  l i t t e r  on some o f  th e  t r a n s i t i o n a l  s o i l  s i t e s  h a s  a  
m orphology  c l o s e r  to  t h a t  o f  some o f  th e  m u ll humus ty p e s  
d e s c r ib e d  by  H andley  (1954) and M inderm an ( i 9 6 0 ) .
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T here  have been many s tu d ie s  o f  th e s e  humus forms in  
v a r io u s  environm ents and a  number o f re a so n s  p o s tu la te d  f o r  
t h e i r  fo rm a tio n . I n  th e  n in e te e n th  c e n tu ry , M u lle r (q u o ted  by 
Jo h n sto n  1954) re g a rd e d  th e  d i f f e r e n t  humus ty p e s  as  p ro d u c ts  
o f  d i f f e r e n t  ch a in s  o f b io ch em ica l r e a c t io n s  and indep en d en t 
o f th e  r a t e  o f  l i t t e r  d eco m p o sitio n . S ubsequen t w orkers have 
spoken o f  th e  r a t e  o f  decom position  a s  c o n d i t io n in g  th e  ty p e  
o f humus form ed. Thus th e  l i t t e r  ty p e  depended on th e  
r e l a t i v e  r a t e s  o f m ic ro b ia l  d ecom position  p ro c e s se s  w hich w ere 
dependent in  tu rn  on th e  l i g n i n  c o n te n ts ,  th e  p re sen ce  o f 
su b s ta n c e s  in h ib i to r y  to  m ic ro b ia l a c t i v i t y ,  o r on 
en v iro n m en ta l f a c to r s  such  a s  te m p e ra tu re  o r a e r a t io n  ( e .g .  
M elin  1930» B ro ad fo o t and P ie r r e  1939)•
Jo h n s to n  (1954) su g g e s te d  th e  r a t e  o f  decay was n o t a 
fundam en ta l f a c to r  in  m u ll and mor fo rm a tio n , b u t w h ile  m u ll 
o r mor cou ld  be form ed r a p id ly  o r s lo w ly  depend ing  on th e  
env iro n m en t, th e re  was a  ten d en cy  u nder com parable c o n d it io n s  
f o r  m ull fo rm a tio n  to  be accom panied by a  more r a p id  w eigh t 
lo s s  in  th e  l i t t e r  u n d e rg o in g  decay .
R e p o rts  o f r e l a t io n s h ip s  betw een th e  chem ical co m p o sitio n  
o f  o rg a n ic  m a tte r  and d ecom position  a re  e x tre m e ly  v a r i a b l e .
Some a u th o rs  r e p o r t  s t r o n g  c o r r e la t io n s  w h ile  o th e rs  have 
been  u n a b le  to  f in d  th e s e .  A number o f  e a r ly  w orkers 
quo ted  by S ingh  (1969) found s ig n i f i c a n t  c o r r e l a t i o n s
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between decomposition and silica, lignin or ethereal oil 
contents. Broadfoot and Pierre (1939) correlated decomposition 
with the amount of water soluble components, nitrogen content 
and excess base elements. Yiro (1959) also related the base 
content to decomposition but found no relationship with the 
nitrogen qontent. Kucera (1959) found positive correlations 
between decay and high ash contents.
In contrast, Mikola (1954) Daubenmire and Prusso (1963), 
Grov (1963) and Singh (1969) were unable to relate 
decomposition to any particular component of the litter.
Handley (1954) concluded there was unlikely to be a general 
relationship between the total nitrogen content and the 
propensity of a litter to form a mull or a mor, as other 
differences, such as lignin content or tannin-protein 
complexes, could mask the difference in nutrient status.
Most of the foregoing studies examined the relationships 
between decay and litter composition in a number of different 
genera where such factors as widely differing lignin contents 
or inhibitory materials could mask any general relationship 
between litter composition and decay. An investigation of 
these relationships in the litter of a single species however 
might be expected to be more revealing.
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As an  i n i t i a l  in v e s t ig a t io n  o f th e  decay  p ro cess  in  th e  
l i t t e r  la y e r s  o f th e  S o u th  A u s t r a l ia n  P . r a d i a t a  f o r e s t s ,  some 
o f  th e  r e l a t i o n s h ip s  betw een th e  w eigh t o f  th e  more decomposed 
l i t t e r  ( i . e .  th e  F - la y e r )  making up th e  b u lk  o f th e  t o t a l  
l i t t e r  on th e  f o r e s t  f l o o r ,  and v a r io u s  l i t t e r  and f o l i a r  
p aram ete rs  have been  in v e s t ig a te d  u s in g  th e  d a ta  p re se n te d  in  
C hap ters  2 and 3*
4 .2  RELATIONSHIPS BETWEEN LITTER ACCUMULATIONS AND SOME 
LITTER AND FOLIAGE PARAMETERS
P o s s ib le  r e l a t i o n s h ip s  betw een th e  w eig h t o f l i t t e r  
accum ula ted  in  th e  F - la y e r  and s e v e ra l  l i t t e r  and f o l i a r  
p a ram eters  a t  each  s i t e  have been exam ined. These in c lu d e  
r e l a t io n s h ip s  betw een th e  F - l i t t e r  a c c u m u la tio n  and,
(a ) th e  co m p o sitio n  o f th e  F - l i t t e r  i t s e l f ,
(b) th e  co m p o sitio n  o f  th e  L - l i t t e r  la y e r ;  (many o f 
th e  d eco m p o sitio n  organism s r e s p o n s ib le  fo r  th e  
fo rm a tio n  o f  th e  F - l i t t e r  la y e r  a r e  dependent on th e  
n a tu re  o f  th e  L - l i t t e r  as a  s u b s t r a t e ) ,
(c ) th e  n u t r i e n t  s t a t u s  o f tw o, th r e e  and fo u r  y e a r -  
o ld  n e e d le s  in  th e  t r e e  crown; th e s e  n u t r i e n t  l e v e ls  
may in f lu e n c e  th e  n a tu re  o f  th e  L - la y e r  l i t t e r s ,  and 
u l t im a te ly ,  t h a t  o f  th e  F - la y e r  l i t t e r  m a te r ia l ,
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(d) the seasonal nutrient status of the litter fall 
reaching the forest floor at various sites 
(Sect. 3.7*1).
It should he noted that the nutrient status of tree 
foliage as measured does not take into account the variation 
in foliar nutrient concentration with time, and the nutrient 
concentration of litter fall reaching the forest floor was 
measured at a limited number of sites. These parameters are 
therefore, incomplete indices of the extent of the variation 
in the litter as a primary substrate at different sites. 
Nevertheless, the two sets of analyses permit some estimate 
to be made of the possible influence of foliar nutrients on 
the litter accumulation pattern.
4*2.1 Relationships between the weight of F-layer litters 
and several litter and foliar parameters 
The relationships between F-layer litter weights as the 
dependent variable and various F-litter, L-litter, and 
foliar nutrient and energy (carbon) levels have been examined 
using a multiple linear regression analysis. A matrix of 
correlation coefficients between the parameters examined is 
shown in Table 4*1 • Of the large number of correlations 
between the F-litter and the litter and foliar parameters 
examined, only three significant (negative) correlations were 
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( i )  F - l i t t e r  n itro g e n  c o n ce n tra tio n
( i i )  F - l i t t e r  phosphorus c o n ce n tra tio n
( i i i )  L - l i t t e r  n itro g e n  c o n ce n tra tio n
( r  = -0 ,754  **) 
( r  = - 0 . 5 6 8 * ) 
( r  = -O .6II * )
p < %  = *• P < = ** .
R eg ress io n  equations were c a lc u la te d  which su c c e ss iv e ly  
added to  the  re g re s s io n  the  v a r ia b le s  most r a p id ly  red u c in g
th e  r e s id u a l  mean sq u a re . These showed th a t  s e v e ra l param eters 
in  a d d itio n  to  th e  above had some jo in t  p re d ic t iv e  v a lu e  fo r  
e s tim a tin g  th e  s iz e  o f th e  F - l i t t e r  accum ulation .
y  = 3 8 .55 - 8 .43  X1 r  =
y = 119. 78- 10.87 X1-1 .5 0  X2 R =
y = 141. 64- 18.85 X.j-1.84 X2+12.84 X3 R =
y = 148.02- 4.21 X1-2 .0 4  X2+12.91 X3+4.98 X4 R =
where
y = w eight o f F - la y e r  l i t t e r  
X^= n itro g e n  c o n c e n tra tio n  ($) o f F - l i t t e r  
X2= carbon c o n c e n tra tio n  ($) o f F - l i t t e r  
Xy= n itro g e n  c o n c e n tra tio n  (%) o f L - l i t t e r  
X^= n itro g e n  c o n c e n tra tio n  ($) of 3 y e a r o ld  need les
-0 .754  ** 
0 .852  * *  
0.903 ** 
0 .913 **
W ith on ly  th re e  v a r ia b le s ,  about 81$ o f th e  v a rian ce  
could be accounted f o r .  The in c lu s io n  o f th e  f o l i a r  
n u tr ie n t  co n ten t in  th e  eq u a tio n  had on ly  a  l im ite d  e f f e c t  
on im proving th i s  p ro p o r tio n . The an a ly se s  suggest a 
r e la t io n s h ip  between the  s iz e  of th e  F - l i t t e r  accum ulations
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and the nutrient status of the F as well as the L-layer litter. 
However, there is little evidence of a strong direct 
relationship between the F-litter accumulations and the 
nitrogen concentration in the needles prior to litter fall.
A possible relationship between litter accumulation and 
the nutrient status of needles before they reached the litter 
layers was also sought using the nutrient data from the monthly 
collections of litter fall. Correlation coefficients for these 
relationships are shown in Table 4*2. With a few exceptions 
the correlation coefficients were not significant, again 
suggesting that concentrations of nitrogen and phosphorus in 
needles prior to their reaching the forest floor are not of 
major significance in determining the accumulation patterns 
on the forest floor.
4.2.2 Relationships between the weight of F-layer litter 
nitrogen, and several litter and foliar parameters
Similar multiple linear regression analyses were made 
to investigate possible relationships between the weight of 
F-litter nitrogen and the several litter and foliar parameters. 
Analyses using the weight of F-litter nitrogen as the dependent 
variable revealed no significant correlations between this and 
any other single parameter including the nitrogen and phosphorus 
concentrations of the L-litter and 2, 3 and 4 year-old 
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in decomposing litters is sufficiently great to outweigh the 
initial differences in the nitrogen status of the litterfall.
Regression equations were calculated as before which 
successively added those parameters most rapidly reducing 
the residual mean square°9
y = 900.26-0.49 X1 r as 0.534, N.S.
y = 956.28-0.35 X^-0.21 X2 R = O.618, N.S.
y = 1315.74-O.92 X^O.75 X2+0.89 X3 R = 0.803, *
where
y = weight of nitrogen in F-litter (kg/ha)
X^= concentration of phosphorus in F-litter (ppm)
X2= concentration of phosphorus in green needles (2 year old) 
X ~ = concentration of phosphorus in green needles (3 year old).
Although the combination of several variables gave a 
significant regression equation, the proportion of the total 
variance accounted for by three variables was less than 65^  
and the inclusion of a fourth variable only increased this 
proportion to 6^. Thus the contribution of each variable 
to the equation is relatively small. All of the parameters 
included as variables in the equations are phosphorus 
concentrations in either the litter or foliage, but it is 
difficult to see any biological significance in this.
-  88 -
Relationships between the accumulated, weight of F-litter 
nitrogen and the seasonal nitrogen content of fresh litter 
material were examined using the nitrogen concentrations of 
the monthly collections of litter fall. However most 
correlation coefficients were low and a significant 
correlation was only found in one month (Table 4*2c).
These limited relationships between weight of F-litter 
nitrogen, and (a) the single sample of variously aged needles, 
and (b) the monthly analyses of litter fall nitrogen contents, 
do not indicate any direct associations between weight of 
F-la.yer nitrogen and the nitrogen status of either the foliage 
or litter fall. This evidence supports the earlier suggestion 
(Chapter 3) that the weight of nitrogen in the annual litter 
fall was not directly related to the weight of nitrogen 
accumulated in the F-litter layers.
4*2.3 Relationships between the weight of F-layer litter 
phosphorus and several litter and foliar parameters 
Analyses of the correlations between the accumulated 
weight of the litter phosphorus and the other litter and 
foliar parameters showed significant correlations between 
the weight of the F-litter phosphorus and,
-  89 -
( i )  F - l i t t e r  n i t r o g e n  c o n c e n tra t io n  r  = -O .76I **
( i i )  L - l i t t e r  n i t r o g e n  c o n c e n tra t io n  r  = - 0.651 *
T here  were no s i g n i f i c a n t  c o r r e l a t i o n s  w ith  f o l i a r  
n u t r i e n t  l e v e l s .
R e g re s s io n  e q u a tio n s  u s in g  up to  th r e e  v a r ia b le s  
accoun ted  f o r  abou t 74^ o f  th e  v a r ia n c e .
y = 3 4 . 66-  7 .1 2  X1
y = 8 7 .9 5 - 8 .72  X ^ O .9 8  X2
y = 9 2 .6 5 -1 0 .3 2  x .j-1 .1 0  x2+o . oo83 x3
where y = w eigh t o f phosphorus in  F - la y e r
X^= n i t ro g e n  c o n c e n tra t io n  (fo) in  F - la y e r  
X2= carbon  c o n c e n tra t io n  (%) in  L - la y e r  
X^= phosphorus c o n c e n tra t io n s  (ppm) in  f o l i a g e  (4 y e a r  
o ld  n e e d le s ) .
r  = -O .76I ** 
R = 0 .8 2 2  **
R = 0 .8 5 8  *
The in c lu s io n  o f  th e  f o l i a r  phosphorus c o n c e n tra t io n s  
o n ly  m a rg in a lly  im proved th e  p r e d ic t iv e  v a lu e  o f  th e  e q u a t io n .
The c o r r e l a t i o n  c o e f f i c i e n t s  betw een th e  w eigh t o f  
F - l i t t e r  phosphorus and th e  se a so n a l d i f f e r e n c e s  in  phosphorus 
c o n c e n tra t io n s  in  th e  l i t t e r  f a l l  axe shown in  T ab le  4 . 2d . 
S ig n i f i c a n t  c o r r e l a t i o n s  l in k in g  l i t t e r  f a l l  phosphorus 
c o n c e n tra t io n s  w ith  accum ula ted  w eigh t o f  F - l i t t e r  phosphorus 
were found o n ly  in  F eb ru a ry  and Ju n e . Thus a s  f o r  n i t r o g e n ,
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th e re  i s  no ev id en ce  o f  a  s t r o n g ,  d i r e c t  r e l a t i o n s h ip  betw een 
th e  a c c u m u la tio n  o f  l i t t e r  phosphorus and th e  phosphorus 
c o n te n t in  l i t t e r  r e a c h in g  th e  f o r e s t  f l o o r .
4 .3  DISCUSSION
The r e s u l t s  o f  th e s e  s e v e ra l  a n a ly se s  o f  th e  
r e l a t io n s h ip s  betw een th e  l i t t e r  la y e r  and v a r io u s  l i t t e r  and 
f o l i a r  p a ra m e te rs  can  be summarised as f o l lo w s s -
( i )  The w eigh t o f  th e  F - l i t t e r  a t  a  g iv en  s i t e  i s  
r e l a t e d  n o t o n ly  to  n u t r i e n t  c o n c e n tra t io n s  in  th e  F - l i t t e r  
b u t to  th e  n u t r i e n t  and energy  s t a t u s  o f  th e  L - l i t t e r  g iv in g  
r i s e  to  t h i s  F - l i t t e r  m a te r i a l .
( i i )  T here  i s  no l i n e a r  r e l a t i o n s h i p  betw een th e  
w eigh t o f  th e  F - l i t t e r  l a y e r ,  o r  th e  w eigh t o f  n u t r i e n t s  i n  
th e  F - la y e r ,  and th e  n u t r i e n t  c o n c e n tra t io n  o f  th e  g reen  
n e e d le s  o r  n e e d le s  in  th e  l i t t e r  f a l l  th ro u g h o u t th e  year*- 
These f in d in g s  may be due , in  p a r t ,  to  th e  l im i t a t i o n s  o f  
th e  d a ta  m en tioned  e a r l i e r ,  and t h i s  does n o t p re c lu d e  th e  
p o s s i b i l i t y  t h a t  th e  f o l i a r  n u t r i e n t  s t a t u s  may c o n t r ib u te  
to  th e  l i t t e r  a c c u m u la tio n  p a t t e r n s .
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I t  i s  ap p a re n t t h a t  d i f f e r e n c e s  in  l i t t e r  accu m u la tio n  
a r e  d e te rm in ed  p r im a r i ly  by decay p ro c e s se s  w ith in  th e  l i t t e r  
i t s e l f .  They a re  n o t cau sed  by d i f f e r e n c e s  in  th e  w eight o f  
l i t t e r  f a l l .  M oreover, w h ile  i t  i s  l i k e l y  t h a t  c o n c e n tra t io n s  
o f  n u t r i e n t  in  f o l ia g e  and in  th e  l i t t e r  f a l l  c o n t r ib u te  to  
th e  d i f f e r e n c e s  in  decom position  r a t e s ,  r e l a t io n s h ip s  betw een 
f o l i a r  n u t r i e n t  le v e ls  and subseq u en t l i t t e r  d ecom position  r a t e s  
a r e  n o t d i r e c t .  D i f f e r e n t i a l  changes in  some l i t t e r  p r o p e r t i e s  
may b e g in  j u s t  a s ,  o r a f t e r  th e  l i t t e r  re a c h e s  th e  f o r e s t  f l o o r ,  
and th e s e  may have an im p o rtan t b e a r in g  on decom position  r a t e s .
What th e n  a re  th e  p o s s ib le  cau ses  o f th e  d i f f e r e n c e s  in  
decay r a t e s  a t  each s i t e ?  S e v e ra l c o n t r ib u t in g  f a c to r s  may 
be  in v o lv e d :-
(a )  d i f f e r e n c e s  in  th e  n a tu re  o f  th e  l i t t e r s  a t  v a r io u s  
s i t e s  as s u b s t r a te s  f o r  decom poser organ ism s may 
r e s u l t  in  d i f f e r e n c e s  in  th e  a c t i v i t y  o f  th e se  
o rganism s
(b ) d i f f e r e n c e s  in  th e  l i t t e r  m icro -env ironm en t a t  
each s i t e  may in f lu e n c e  th e  a c t i v i t y  o f  th e  
decom poser o rganism s
(c )  th e  s u s c e p t i b i l i t y  o f  some l i t t e r s  to  decay may 
be s im i l a r ,  b u t m ic ro b ia l a c t i v i t y  may be 
l im i te d  by th e  p re sen ce  o f  in h ib i to r y  m a te r ia l .
(T here  i s  ev id en ce  o f i n h i b i to r y  m a te r ia l  in
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P. radiata litters. Simpson (1967) L^as suggested 
some fungi are excluded from particular litter 
strata by inhibitory materials and Harris (quoted 
by Raupach 1967a) has observed an increasing 
accumulation of an inhibitory factor in soils under 
P. radiata over 40 years of stand development).
(d) the litter weight accumulated may be related to
variations in litters as microbial substrates and 
to differences in microbial activity; but in 
addition, litter form and litter weight may be 
influenced by differences in the activity of the 
litter fauna populations. (Contrasting results of 
Howard (1967), Will (1968), and Elliot (1970) in 
P. radiata forests in Australia and New Zealand, 
indicate considerable variations occur in the 
populations of oligo chaetes and macro-arthropods 
in P. radiata litter. It is unlikely that such 
differences are the primary factor determining the 
size of litter accumulations but fauna population 
differences may have an important contributory role) •
In an attempt to elucidate the reasons for the 
differences in litter decomposition at various sites,
investigations have been made into the differences between
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litters as microbial substrates, the levels of microbial 
activity in litters, the influence of stand
micro-environment on litter decay, and the role of inhibitory 
factors and fauna populations in the litter decay process. 
These studies form Part II of this thesis.
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PART II
STUDIES OF LITTER DECOMPOSITION
Within the plantation forests of the south east of 
South Australia, the weight of litter accumulated on the 
forest floor varies markedly in stands of a similar age 
and productivity. These differences in accumulation are 
probably due primarily to differences in the rates of 
litter turnover ra,ther than simply to differences in the 
rates of litter fall. Such differences in turnover would 
depend on the relative rates of biological activity at 
each site, and these in turn would be governed by:
(i) The nature of the litter as a microbial 
substrate.
(ii) Differences in the populations of organisms 
causing decomposition.
(iii) The micro environment affecting the activity 
of these organisms; e.g. the micro climate, 
the presence of inhibitory materials.
In Part II of this thesis, these aspects of the litter 
decay process are examined to determine the reasons for the 
large differences in litter accumulation measured in 
different stands of F. radiata. Differences in the quality 
of P« radiata litter as a microbial substrate are examined
in the following Chapter
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CHAPTER 5
LABORATORY STUDIES OF LITTER DECOMPOSITION 
5.1 INTRODUCTION
A number o f  c o r r e l a t i o n s  have been  re c o rd e d  in  C h ap te r 
4 betw een th e  n u t r i e n t  and energy  le v e ls  o f  l i t t e r s  and th e  
amounts o f  th e s e  l i t t e r s  accum ula ted  on th e  f o r e s t  f l o o r .  
A lthough th e s e  c o r r e l a t i o n s  do no t n e c e s s a r i ly  im ply a 
c a u s a l r e l a t i o n s h i p ,  v a r ia t io n s  in  th e  c o n c e n tra t io n  o f 
n u t r i e n t s  and th e  a v a i l a b i l i t y  o f  m ic ro b ia l energy  co u ld  
a f f e c t  th e  q u a l i ty  o f  th e se  l i t t e r s  as m ic ro b ia l s u b s t r a t e s .
S e v e ra l  w orkers have found r e la t io n s h ip s  betw een l i t t e r  
p r o p e r t i e s  and decay r a t e s  (B road foo t and P ie r r e  1939* K ucera 
1959)• M elin  (1930) found a  r e l a t io n s h ip s  betw een th e  n i t ro g e n  
c o n te n t o f  l i t t e r  and i t s  decay r a t e ,  b u t o n ly  when th e  l i t t e r s  
o f  one s p e c ie s  were exam ined. No r e l a t i o n s h ip  was e v id e n t 
when a  l a r g e r  number o f  s p e c ie s  w ere c o n s id e re d . The same la c k  
o f  a  g e n e ra l r e l a t i o n s h ip  was r e p o r te d  by M ikola (1954)» V iro  
(1955) and Daubenmire and P ru sso  (19^3 )• The l a t t e r  w orkers 
su g g e s te d  t h i s  co u ld  have been due to  th e  f a i l u r e  o f  
c o n v e n tio n a l a n a l y t i c a l  te c h n iq u e s  to  d e te rm in e  th e  p a r t i c u l a r  
f a c to r s  l i m i t i n g  d ecom position  in  a v a r i e ty  o f  l i t t e r s  o r  to  
th e  d i f f e r e n t i a l  accu m u la tio n  o f  i n h ib i to r y  f a c to r s  in  some 
l i t t e r s .
S e v e ra l te c h n iq u e s  have been  u sed  to  m easure l i t t e r  
d ecom position  in  th e  la b o ra to r y .  One o f  th e s e  m easures th e  
w eight lo s s  o f  l i t t e r  c o n ta in e d  in  g la s s  j a r s  and in o c u la te d
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w ith  th e  mixed m ic ro b ia l  p o p u la t io n  o c c u r r in g  in  t h e  same 
l i t t e r  in  th e  f i e l d  ( iv a r s o n  and Sowden 1959» V iro  1963, and 
F ran k lan d  1967) .  A lthough t h i s  r e p r e s e n t s  perhaps  th e  
c l o s e s t  ap p rox im ation  to  th e  n a t u r a l  decomposer p o p u la t io n ,  
th e  d i f f e r e n t  env ironm enta l c o n d i t io n s  in  th e  la b o r a to r y  may 
a l t e r  th e  co m p e t i t iv e  r e l a t i o n s  betw een th e  m icro-organ ism s 
p r e s e n t  and hence a l t e r  th e  p o t e n t i a l  decay r a t e  (Daubenmire 
and P russo  1963).
A nother method in v o lv es  th e  u se  o f  s t e r i l i s e d  l i t t e r  
in o c u la te d  w ith  a s in g l e  fu n g a l  s p e c ie s  (Simpson 1967, 
F ran k lan d  1969)* Although t h i s  i s  a r a t h e r  a r t i f i c i a l  
s i t u a t i o n ,  in fo rm a t io n  can be o b ta in e d  about th e  r e l a t i v e  
r a t e s  o f  decay of v a r io u s  l i t t e r s  by s p e c i f i c  f u n g i ,  
e s p e c i a l l y  i f  fu n g i  i s o l a t e d  from th e  p a r t i c u l a r  o rg an ic  
m a t te r  o r  l i t t e r  l a y e r  to  be s tu d ie d  can be u sed  to  r e ­
in o c u la te  th e  s t e r i l e  l i t t e r  (F ra n k la n d  1969)*
A number o f  i n v e s t i g a t o r s  have shown t h a t  l i t t e r  
m a te r i a l s  in  v a r io u s  f o r e s t  f l o o r  s t r a t a  a r e  occup ied  by q u i t e  
d i s t i n c t  funga l  p o p u la t io n s  (K endrick  195$, K endrick  and 
Burgess 1962, C aldw ell  1963, Hayes 1965) » The s u c c e s s io n  
in  P» r a d i a t a  l i t t e r  in  Sou th  A u s t r a l i a  has been  examined 
by Simpson ( 1 967) There i s  a  phase  o f  c o l o n i s a t i o n  in  a
d e f i n i t e  sequence by Fungi I m p e r f e c t i ,  Ascom ycetes, and in  
th e  lower l i t t e r  l a y e r s ,  B a s id io m y c e te s .  M ucorales o c cu rred  
in  most s t r a t a ,  p robab ly  as  seco n d ary  su g a r  f u n g i ,  to g e th e r  
w ith  g en e ra  such a s  P e n i c i l l i u m , more t y p i c a l  o f  th e  s o i l .  
Simpson (1 967) t e s t e d  th e  r a t e  a t  which l i t t e r s  were
decomposed, "by these various fungi and reported that "one of 
the most striking features of the results was that 
Basidiomycetes were more effective decomposers of litters 
than the Hyphomycetes and Ascomycetes tested”. Many of the 
Basidiomycetes isolated from the litters are found also in 
rotting logs and stumps or are known to be wood decomposing 
fungi (e.g. Trametest Pholiota, Poria, Irpex). Simpson 
concluded that most of the breakdown in P, radiata litter 
was due to the activity of the Basidiomycete group. Hence 
measurements of the weight loss in sterile P. radiata litter 
inoculated with Basidiomycete fungi could be expected to 
provide some indication of the relative decomposition rates 
of these litters in the field.
The laboratory experiments reported in this chapter 
used naturally occurring mixed microbial populations, as 
well as sterile litters inoculated with test fungi, to 
study the differences between litters as microbial substrates. 
Complementary experiments on litter decomposition in the 
field are reported in a subsequent chapter (Chapter 7)*
5.2 PATTERNS OP LITTER DECOMPOSITION DUE TO INDIGENOUS 
MICROPLORA
In the course of several exploratory studies of the 
litter layers in P. radiata plantations, Dr. R.G. Florence 
examined the variation in the weight loss of a number of 
South Australian litters in several laboratory incubation 
experiments. This work is unpublished but will be briefly 
described because the subsequent studies reported herein
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are based on some of these results
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5*2.1 Decom p o s it ion of  th e  l i t t e r  fo llo w in g  a d d i t io n s  o f 
n u tr i e n t s  and en e rg y  r i c h s u b s t r a t e s 
L i t t e r  sam ples from "both L and F - la y e r s  were c o l le c te d  
in  November from s ta n d s  on sand dune d e r iv e d  s o i l s  and 
c o v e rin g  a  range  o f s ta n d  ages and s i t e  q u a l i t i e s .  W hile 
s t i l l  m o is t ,  th e  l i t t e r s  were m ixed, a s ta n d a rd  q u a n t i ty  
w eighed in to  g la s s  j a r s ,  and th e  m o is tu re  c o n te n t a d ju s te d  
to  about 75!f° o f  f i e l d  c a p a c i ty  w ith  d i s t i l l e d  w a te r . Each 
j a r  c o n ta in e d  th e  e q u iv a le n t o f  abou t 20 gm o f o v e n .-d ry f l i t te r*  
In  s e p a ra te  e x p e rim e n ts , n u t r i e n t s  and an energy  so u rce  were 
added a t  th e  fo llo w in g  r a t e s ;
N itro g en  50 PPm of* N as  NH^NO^
50 ppm o f P a s  NaH^PO^Phosphorus
Calcium 100 ppm o f  Ca as  CaCl^
G lucose 500 mg/l00gm l i t t e r
C o n tro l no a d d i t io n s
The j a r s  were lo o s e ly  covered  and in c u b a te d  a t  21°C 
f o r  40 w eeks. P e r io d ic a l ly  th e  m o is tu re  c o n te n t was a d ju s te d  
u s in g  d i s t i l l e d  w a te r .
In  th e  c o n t ro l  t r e a tm e n t ,  th e  l a r g e s t  w eight lo s s e s  
were found in  th e  L - la y e r  l i t t e r s ,  and in  b o th  L and F - la y e r s  
th e  low er SQV l i t t e r s  u n e x p ec ted ly  decomposed more q u ic k ly  
th a n  SQII l i t t e r s .  By th e  end o f  th e  40 week in c u b a tio n  
p e r io d  th e  F - l i t t e r s  r e ta in e d  84 -9 6/0 o f  th e  o r ig in a l  w eight 
w h ile  th e  L - l i t t e r s  r e ta in e d  67- 8 3'$ o f  th e  o r ig in a l  w e ig h t.
In  s e v e ra l  SQII F - la y e r  l i t t e r s ,  an in c re a s e  o f  up to  14'i 
o f  th e  i n i t i a l  w eight was re c o rd e d  in  th e  f i r s t  e ig h t w eeks.
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The d ry  w eight su b se q u e n tly  d e c re a se d , and a t  th e  end o f th e  
e x p e rim en t, a  n e t t  w eight lo s s  was found in  a l l  l i t t e r s .
Most o f  th e  t o t a l  w eigh t lo s s  o c c u rre d  w ith in  th e  f i r s t  16 
weeks o f  in c u b a t io n ,  and t h e r e a f t e r  l i t t l e  w eight lo s s  was 
re c o rd e d  in  any l i t t e r .  None o f  th e  n u t r i e n t  o r  energy  
a d d i t io n s  had an e f f e c t  on d eco m p o sitio n . A r e - a p p l i c a t io n  
o f n u t r i e n t s  and g lu c o se  a f t e r  16 weeks was a ls o  i n e f f e c t i v e .  
T h is  su g g e s te d  th a t  u nder th e s e  p a r t i c u l a r  c o n d it io n s  o f  
in c u b a t io n ,  decom p o sitio n  was no t b e in g  l im i te d  by th e  
a v a i l a b i l i t y  o f any one o f th e se  n u t r i e n t s  o r  energy  s o u rc e s .
5 .2 .2  Deco m position  o f l i t t e r  fo llo w in g  a  wet t in g /d r y in g  cjy
A w e tt in g /d ry in g  c y c le  was a p p l ie d  to  a i r  d r ie d  L and F -  
l i t t e r s  which had been  s to r e d  fo r  f iv e  m onths. The l i t t e r s  
were rem o isto n ed  w ith  ta p  w ater and in c u b a te d  f o r  tw elv e  days 
under s im i la r  c o n d it io n s  to  th o se  d e s c r ib e d  p r e v io u s ly .  A f te r  
tw elve  d ay s , th e  j a r s  w ere d r ie d  a t  105°C f o r  two days and 
th e  w e tt in g  cy c le  r e p e a te d .  Sam ples o f  th e  same s to r e d  
l i t t e r s  were in c u b a te d  as c o n t ro l s  and b o th  were compared 
w ith  f r e s h ly  c o l le c t e d  l i t t e r s  decom posing under th e  
presum ed in f lu e n c e  o f  th e  f i e l d  m ic ro f lo r a .  The w e t t in g /  
d ry in g  in c u b a tio n  c y c le  was m a in ta in ed  fo r  40 w eeks.
The w eight lo s s  o f  th e  L - la y e r  l i t t e r s  was u n a f fe c te d  
by th e  i n i t i a l  a i r  d ry  s to ra g e  o r th e  w e tt in g /d ry in g  
tr e a tm e n t .  A f te r  40 w eeks, a l l  L - la y e r  l i t t e r s  had lo s t  
20- 25io w e ig h t.
In  c o n t r a s t ,  th e  w eight lo s s  o f  F - la y e r  l i t t e r s  was 
m arkedly a f f e c te d  by th e  w e tt in g /d ry in g  t r e a tm e n t .  In  th e
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sto red , l i t t e r  m a in ta in e d  a t  a  c o n s ta n t m o is tu re  c o n te n t ,  
n e a r ly  a l l  o f  th e  w eight l o s t  ov er th e  40 week in c u b a tio n  
p e r io d  o c c u rre d  in  th e  f i r s t  10 w eeks. However, in  th e  
w e tt in g /d ry in g  t r e a tm e n t ,  th e  i n i t i a l  r a t e  o f  w eight lo s s  
was m a in ta in e d  f o r  30 w eeks. T hat i s ,  th e  t o t a l  w eight lo s s  
over th e  40 week p e r io d  was s u b s t a n t i a l l y  g r e a te r  under th e  
w e tt in g /d ry in g  tre a tm e n t th a n  u nder th e  c o n t ro l  reg im e. At 
th e  end o f  th e  40 weeks p e r io d ,  th e r e  was no d i f f e r e n c e  
betw een w eigh t lo s s  in  s to r e d  o r f r e s h  l i t t e r s  m a in ta in ed  
a t  c o n s ta n t  m o is tu re  c o n te n t .  A ty p i c a l  w eigh t lo s s  p a t te r n  
fo r an F - la y e r  l i t t e r  i s  shown in  F ig .  5*1«
5 .2 .3  The e f f e c t  o f  s tre p to m y c in  and m a lt-y e a s t  e x t r a c t  
a d d i t io n s
From th e  fo re g o in g  e x p e rim e n ts , i t  seemed th e  decay 
p a t te r n s  w ith  tim e  co u ld  r e s u l t  from e i t h e r  m u l t ip le  n u t r i e n t  
or energy  d e f i c i e n c i e s ,  o r a s u p p re s s io n  o f m ic ro b ia l a c t i v i t y .  
The w e tt in g /d ry in g  c y c le  co u ld  a f f e c t  th e  p ro g re s s iv e  r e le a s e  
o f o rg a n ic  s u b s t r a t e s  in  a  r e a d i ly  a v a i la b le  form (S tev en so n  
1956» B irc h  1964) o r p o s s ib ly  overcome by h e a t s t e r i l i s a t i o n  
an> in h ib i to r y  f a c to r  d ev e lo p in g  in  a l l  l i t t e r s  a f t e r  s e v e ra l  
weeks in c u b a tio n .
T h e re fo re ,  s e v e ra l  new tre a tm e n ts  were a p p l ie d :  
S trep to m y c in  (100 ppm) was u sed  to  su p p re ss  p o s s ib le  
in h ib i to r y  b a c t e r i a l  a c t i v i t y  and a  m ix tu re  o f  m alt and 
y e a s t  e x t r a c t  was s u p p lie d  to  p ro v id e  a  m ixed, 3eacrgy r i c h  
s u b s t r a t e .  T hese su b s ta n c e s  (S trep to m y c in  and m a lt /y e a s t)  
were added , s in g ly  and to g e th e r ,  to  a i r - d r i e d  l i t t e r s .





Fig. 5.1. Decomposition of litter (SQ II - 20F) following a 
wetting/drying treatment. Decomposition patterns 
of untreated, stored or freshly collected litters 





Fig. 5.2. Inoculation bottle used to measure decomposition of 
litters inoculated with test fungi.
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su b se q u e n tly  in c u b a te d  as p re v io u s ly  d esc rib ed #
The m a lt-y e a s t  e x t r a c t  m ix tu re  d e p re sse d  decom position  
by about h a l f  in  a l l  l i t t e r s t ( i . e #  95^ o f o r ig in a l  w eight 
r e ta in e d  r a th e r  th a n  90fo), The a d d i t io n  o f s tre p to m y c in  
had no e f f e c t .  A gain , most decom position  o c c u rre d  in  th e  
f i r s t  16 weeks and a r e - a p p l i c a t io n  o f  b o th  t r e a tm e n ts  had 
no e f f e c t .
As a summary o f th e s e  i n i t i a l  e x p e rim e n ts , c e r t a in  
d i f f e r e n c e s  in  decom position  r a t e s  betw een l i t t e r s  from 
d i f f e r e n t  l i t t e r  s t r a t a  and s i t e s  a re  e v id e n t.  D e sp ite  
h ig h e r  n it ro g e n  and phosphorus c o n c e n tra t io n s  in  SQII 
l i t t e r  th a n  in  SQV l i t t e r  ( in  b o th  L and F - l a y e r ) , 
decom position  o f  SQ II l i t t e r  was s lo w er th a n  th a t  o f  SQV 
l i t t e r .  Most d eco m p o sitio n  o ccu rred  w ith in  th e  f i r s t  16 
weeks and th e  p a t t e r n s  o f w eight lo s s  were u n a f fe c te d  by 
a d d i t io n s  o f  n i t r o g e n ,  phospho rus, c a lc iu m , g lu c o se , o r 
s tre p to m y c in . The on ly  tr e a tm e n ts  found to  a f f e c t  w eight 
lo s s  were a d d i t io n s  o f  m a lt-y e a s t e x t r a c t ,  w hich d e p re s se d  
d eco m p o sitio n , and th e  w e tt in g /d ry in g  t r e a tm e n t ,  which 
in c re a s e d  d ecom position  r a t e s .
The la c k  o f re sp o n se  to  th e  v a r io u s  n u t r i e n t  
tre a tm e n ts  was u n ex p ec ted  in  view  o f  th e  r e p o r t s  o f 
in c re a s e d  d ecom position  fo llo w in g  such t r e a tm e n t;  fo r  
exam ple, V iro  (19^3) and F ran k lan d  (1969)» The m agnitude 
o f  th e  in c re a s e d  d ecom position  in  th e  w e tt in g /d ry in g  c y c le  
t r e a tm e n t , where th e  w eight lo s s  exceeded  th a t  in  th e  
l i t t e r  c o n ta in in g  th e  in d ig en o u s m ic ro f lo ra ,w a s  a ls o  
u n ex p ec ted . In o c u la t io n  fo llo w in g  th e  h e a t tre a tm e n t
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depended on the surviving indigenous microflora and some 
air and water borne spores, e.g. Penicillium and Aspergillus. 
These fungi are weak cellulose decomposers and yet were 
responsible for a greater weight loss than the indigenous 
microflora presumably still present, in the "fresh" litter. 
Possibly the indigenous microflora of these litters are not 
maintained in the artificial conditions of the laboratory 
experiment, or wetting/drying cycles remove some inhibitor 
of microbial activity.
These experiments on litter breakdown, relying on 
indigenous microflora and subsequent inoculation by air 
borne spores, all followed the same breakdown pattern. 
Initially decomposition was relatively rapid, but eventually 
the rate decreased, and in all treatments (other than the 
wetting/drying treatment), the decomposition rate decreased 
to virtually zero. The lack of response to nutrient 
treatments and the positive effect of a partial sterilisation 
treatment both suggested decomposition could be increasingly 
retarded by the development of an inhibitory substance or 
microflora.
5,3 PATTERNS OF WEIGHT LOSS USING LABORATORY TEST FUNGI
Because of the unexpected patterns of decomposition 
and the hypothesis that material inhibitory to decomposer 
organisms may develop, two approaches seemed necessary.
The first sought to measure the relative decomposition 
rates under more precisely controlled conditions using
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s t e r i l e  l i t t e r s  and t e s t  fu n g i ( t h i s  C h a p te r ) ,  and th e  
second  aim ed to  examine th e  p o s s ib le  accu m u la tio n  o f 
m a te r ia ls  in h i b i to r y  to  decom poser organism s in  p in e  l i t t e r s  
(C h ap te r  8 )•
In  an i n i t i a l  ex p e rim en t, c e l lu lo s e  d e s tro y in g  t e s t  
fu n g i w ere u sed  to  e s t a b l i s h  a  te c h n iq u e  o f  m easu rin g  l i t t e r  
d eco m p o sitio n  (S e c tio n  5*3*2)0 S u b seq u en tly  th e  fo llo w in g  
ex p erim en ts  w ere c a r r i e d  o u t:
(a )  an ex am in a tio n  o f  d i f f e r e n c e s  in  decom position  
r a t e s  betw een l i t t e r s  from d i f f e r e n t  s i t e s  to  
f in d  w hether such d if f e r e n c e s  co u ld  be r e l a t e d  to  
d i f f e r e n c e s  in  l i t t e r  a ccu m u la tio n  in  th e  f i e l d  
(S e c t io n  5*4) *
(b ) an in v e s t ig a t io n  o f  th e  e f f e c t  o f  n u t r i e n t  and 
energy  a d d i t io n s  on l i t t e r  d ecom position  under 
c o n t r o l le d  c o n d it io n s  (S e c tio n  5*5) «
(c )  an e v a lu a t io n  o f  th e  r e l a t i v e  d ecom position  r a t e s  
o f  P» r a d i a t a  l i t t e r  and o th e r  p la n t  m a te r ia ls  
u s in g  t h i s  p a r t i c u l a r  te c h n iq u e  (S ect*  5*7) *
(d ) an ex am in a tio n  o f  w hether th e  le a c h in g  o f  l i t t e r  
c o u ld  remove in h ib i to r y  m a te r ia ls  and a l t e r  th e  
d eco m p o sitio n  r a t e .  (F u r th e r  more d e t a i l e d  
s tu d ie s  on th e  p re sen ce  o f in h i b i to r y  f a c to r s  in  
P« r a d i a t a  l i t t e r  a re  d e s c r ib e d  in  C h ap te r 8 ) ,
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5.3*1 Methods
Litters were sampled from various sites and stored 
at 4°C. Only freshly fallen yellow needles on the litter 
surface were collected for the L-layer samples. In most 
cases, litters were air dry when collected. The inherent 
resistance to fungal decomposition of the different litters 
was examined using a method based on a technique described 
by Da Costa and Rudman (1958) and used by them to assess 
the decay resistance of timber.
The litters were fragmented by hand; most L-layer litter 
was broken into small pieces 1-2 cm long, and the F-layer 
material was broken into small sizes. The litters were 
thoroughly mixed and 2 gm sub-samples of air-dried litter 
were weighed into aluminium foil containers. These were 4 cm 
in diameter and 2 cm deep and had their bases perforated with 
small holes to allow ready access by fungal hyphae. Similar 
litter sub-samples (2 gm) were taken to calculate moisture 
contents and hence convert air-dried weights to oven dry (80°C) 
equivalents. The samples were moistened, autoclaved (15 lbs/ 
sq in , 240°C) for 20 minutes, and placed in inoculation 
bottles.
The inoculation bottles (8 cm diameter x 11 cm deep) 
were filled to half capacity with perlite and this was 
covered by a thin, pine plywood, feeder strip (Fig. 5*2). 
Nutrient solution was added (see Appendix 4 for composition) 
to moisten the perlite and the bottle was sealed and
autoclaved,
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Two basidiomycetcs were used separately as test fungi: 
(i) Lenzites trabea (Pers. ex. fries.). This is an 
internationally used laboratory test wood 
decay fungus.
(ii) Pholiota. This is a member of a genus isolated
from South Australian P. radiata litter and found 
to cause rapid litter decomposition under 
laboratory conditions (Simpson 1967)*
The two fungi were supplied by Dr. W. Heather and Dr. B. Pratt 
respectively (Department of Forestry, A.N.U.). Both fungi 
were cultured on malt agar for several weeks and 2 cm x 2 cm 
pieces were used to inoculate the pine feeder strips in the 
sterile inoculation bottles. The bottles were subsequently 
kept in a darkened controlled temperature room (25° ± 1°G 
for several weeks and the litters were added after the test 
fungi were well established on the feeder strips. In all 
but Study 5®3*2, sterile litter in non-inoculated bottles 
was used as a control. Six replicates of each litter were 
used in each treatment.
Decomposition was measured as the weight loss over 
various periods and is expressed as the percentage of the 
original oven dry (80°C) weight. Because of the non- 
homogeniety of the untransformed variancesf statistical 
analyses have been performed on transformed (Arcsine) data.
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5 .3 .2  D ecom position  o f  l i t t e r s  su b jec ted , to  s eve r a l
i n o c u l a t i on tre a tm e n ts  -  p re l im in a ry  e v a lu a tio n  
o f  technicrue
A p re lim in a ry  s tu d y  was c a r r i e d  ou t to  in v e s t ig a te  
s e v e r a l  in o c u la t io n  methods and th e  e f f e c t  o f  th e s e  on th e  
r a t e  o f  d eco m p o sitio n  o f  d i f f e r e n t  l i t t e r s .  B ased on th e  
e a r l i e r  work o f  F lo re n c e , th e  fo llo w in g  fo u r  l i t t e r s  were 
s e le c te d .  T hese w ere:
(a )  SQII -  20 y e a r s ,  L - la y e r  (meadow p o d so lic )
(h ) SQII -  40 y e a r s ,  F - la y e r  (M t. B u rr sand  complex)
(c )  SQV -  40 y e a r s ,  L - la y e r  (M t. B u rr sand)
(d ) SQV -  30 y e a r s ,  F - la y e r  (M t. B u rr sand)
These l i t t e r s  had  been  c o l le c te d  and s to r e d  fo r  s e v e ra l  
months in  a  m o ist c o n d i t io n  a t  4°C. T hree  t r e a tm e n ts  were 
u sed :
(1 ) L i t t e r s  n o t s t e r i l i s e d  and p la c e d  in  non- 
in o c u la te d  b o t t l e s  ( n o n - s te r i l e /n o n - in o c u la t e d ) .
(2 ) L i t t e r s  n o t s t e r i l i s e d  and p la c e d  in  b o t t l e s  
in o c u la te d  w ith  L o n z ite s  t r a b e a  ( n o n - s t e r i l e /  
in o c u la te d ) .
( 3) L i t t e r s  s t e r i l i s e d  and p la c e d  in  b o t t l e s  
in o c u la te d  w ith  L e n z ite s  t r a b e a  ( s t e r i l i s e d /
/ in o c u la te d ) .
W eight lo s s  was m easured a t  20 , 45 and 98  days and 
th e  r e s u l t s  a re  shown in  T ab le  5-1 and F ig .  5*3 ( f o r  
c l a r i t y  T rea tm en t 2 i s  o m itte d  from F ig .  5*3) .
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TABLE 5«1 D ecom position  o f  P. r a d i a t a  l i t t e r  sub jec ted , to  
s e v e r a l  in o c u la t i o n  t r e a tm e n t s .  Decay e x p re ssed  
as  p e rc e n ta g e  w eight rem a in in g  a f t e r  in c u b a t io n  
f o r  45 and 98 days*













( a )  P e rc e n ta g e  w eight rem a in ing
45 days
Not i n o c . / n o t  s t e r i l e 91.11 93.45 98.18 96.60
I n o c . / n o t  s t e r i l e 91 .63 94.54 98.56 97.04
I n o c . / s t e r i l e 91.04 77.09 97.34 95-78
98 days
Not i n o c . / n o t  s t e r i l e 90 .10 88.12 98 .98 94 .04
I n o c . / n o t  s t e r i l e 87.86 87 .37 97.05 93.20
I n o c . / s t e r i l e  87*73
(h) Transform ed ( a r c s i n e )  d a te
74 .83 94.82 92.59
45 days
Not i n o c . / n o t  s t e r i l e 72 .69 75.95 83.11 80.35
I n o c . / n o t  s t e r i l e 73.27 77.06 84 .77 81.10
I n o c / s t e r i l e 72.71 61.41 82.02 78.43
98 days
Not i n o c . / n o t  s t e r i l e 71 .83 70.05 85.12 76.11
I n o c . / n o t  s t e r i l e 69.69 69.32 81 .10 75.03
I n o c . / s t e r i l e 69 .58 59.93 77.02 74.33
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TABLE 5.1 (cont.)
Analysis of variance of transformed, data
45 days
L.S








Litter *** 2.63 3.50 *** 1 < 97 2.62
Treatment *** 2.28 3.03 *** 1e70 2.27
Litter x 
treatment
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R e s u l t s
A f te r  98 days in c u b a t io n ,g r e a te s t  w eight lo s s  in  a l l  
l i t t e r s  o c c u rre d  fo llo w in g  T rea tm en t 3 ( s t e r i l i s e d /  
i n o c u la t e d ) , w h ile  l e a s t  w eight lo s s  o c c u rre d  in  T rea tm ent 1 
( n o n - s t e r i l e /n o n - in o c u la t e d ) . T rea tm en t 2 ( n o n - s t e r i l e /  
in o c u la te d )  was in te rm e d ia te  b u t was c lo s e ly  s im i la r  to  
T rea tm en t 1 (T ab le  5«1)»
D ecom position  o f  n o n - s t c r i l e  l i t t e r s  in  n o n - in o c u la te d  
b o t t l e s  was slow and by 98 days betw een 88$ .and 90$  o f  th e  
o r ig in a l  w eight o f  th e  L - l i t t e r s  and betw een 94$ and 99$ 
o f  th e  F - l i t t e r s  rem ained . Most deco m p o sitio n  o c c u rre d  in  
th e  f i r s t  month o f  th e  experim ent a lth o u g h  f u r th e r  decay 
c o n tin u e d  a t  a  red u ced  r a t e  in  some l i t t e r s  u n t i l  th e  
te rm in a t io n  o f  th e  ex p erim en t.
The n o n - s t c r i l e  l i t t e r s  in o c u la te d  w ith  L e n z ite s  
(T rea tm en t 2) decomposed a t  a  s im i la r  r a t e  to  th o s e  o f  
T rea tm en t 1 t and by 98 days d i f f e r e n c e s  betw een th e  t r e a tm e n ts  
were s l i g h t .  Thus th e  L - l i t t e r  r e t a in e d  87$-88$ and th e  
P - l i t t e r s  93$-97$ o f  th e  o r ig in a l  w e ig h t.
G re a te s t  decom position  o c c u rre d  in  most l i t t e r s  when 
s t e r i l i s e d  by a u to c la v in g  and in o c u la te d  w ith  L e n z i te s .
T h is  may have been  a s s o c ia te d  w ith  th e  r a p id  grow th o f  th e  
t e s t  fungus on th e  c o m p e tito r  f r e e  l i t t e r  s u b s t r a te  o r  due 
to  changes o c c u rr in g  in  th e  l i t t e r  fo llo w in g  a u to c la v in g .
The r a t e  o f  w eight lo s s  o f th e  L - la y e r  l i t t e r  from th e  SQV 
s ta n d  was o u ts ta n d in g  and on ly  75$ th e  o r ig i n a l  w eight
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of this litter remained after 98 days. The SQII L-layer 
litter retained about 88$ of the original weight and 
within the F—layer litters, 93$-95$ of 'the original weight 
remained. Most decomposition occurred in the first 20 
days and thereafter the decomposition rate decreased. This 
could he due to an aging of the fungus or to the accumulation 
of an inhibitory product from the decay process. It is 
noteworthy that the patterns of decreasing weight loss with 
time are similar in this experiment to those observed using 
the unsterilised litter and indigenous microflora (Fig. 5*1)*
The most noteworthy features of the weight loss 
patterns in this experiment are the rapid weight loss recorded 
for the L-layer litter from the SQV stand, and the generally 
greater decay in SQV than SQII litters. As in the previous 
studies using the indigenous microflora, the weight loss of 
both L-litters ivas greater than that of the two F-layer 
litters. The differences in weight loss between the L and 
F-litters, and between the SQV and SQII litters are consistent 
with those recorded using the non-sterile litters containing 
the indigenous microflora (Section 5*2.1).
In several litters, small, temporary increases in 
weight were noted during the incubation period (Fig. 5«3).
This was also noted in another study of conifer F-littcr 
decay by Viro (19^3) and may be due to the incorporation of 
a water molecule at the breaking points during the break­
down of large humus molecules; in the same way, for 
instance, that the hydrolysis of cellulose into sugar 
increases-the weight by 11$.
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In  summary, g r e a te r  d ecom position  o c c u rre d  when l i t t e r s  
w ere s t e r i l i s e d  and in o c u la te d  w ith  an e s ta b l i s h e d  t e s t  
fu n g u s . W ithout s t e r i l i s a t i o n ,  deco m p o sitio n  o f  in o c u la te d  
l i t t e r s  was s im i la r  to  t h a t  in  th e  n o n - in o c u la te d  non- 
s t e r i l e  l i t t e r s .  Under th e  c o n d i t io n s  o f  th e  ex p erim en t, 
decay  in  th e  n o n - in o c u la te d ,  n o n - s t c r i l e  l i t t e r s  was slow  
and  in  some had  cea se d  a f t e r  a  few w eeks. As most decom position  
o c c u rre d  in  th e  f i r s t  40  d ay s , t h i s  p e r io d  was ad o p ted  as  a  
s ta n d a rd  t e s t  p e r io d  in  a l l  su b seq u en t experim ents*
5 .4  THE RELATIVE DECOMPOSITION RATES OP LITTER FROM 
DIFFERENT STANDS
The w eigh t lo s s  p a t te r n s  f o r  th e  l im i te d  number o f  
l i t t e r s  u sed  in  th e  fo re g o in g  experim en t su g g e s te d  th e  
e x p e rim e n ta l te c h n iq u e  was s u i t a b l e  f o r  e v a lu a t in g  v a r i a t io n s  
in  l i t t e r s  as  fu n g a l s u b s t r a t e ,  and a  f u l l e r  in v e s t ig a t io n  
was j u s t i f i e d .  A c c o rd in g ly , th e  d i f f e r e n c e s  betw een th e  
l i t t e r s  as  fu n g a l s u b s t r a te s  have been  exam ined u s in g  
l i t t e r s  from a  w ide ran g e  o f  s i t e s  (T ab le  5 *2 ). L i t t e r  
d ecom position  has been  m easured in  two s e p a ra te  ex p e rim en ts :
(a )  u s in g  l i t t e r s  from s ta n d s  v a ry in g  in  age and s i t e  
q u a l i ty  and grow ing in  s o i l s  d e r iv e d  from sand  
dunes ( S i t e s  16, 17, 19 and 21; T ab le  5*2)
(b ) u s in g  l i t t e r s  from s ta n d s  o f  th e  same age (ab o u t 
30 y e a r s )  and s i t e  q u a l i ty  (S Q Il) b u t grow ing on
a ra n g e  o f  s o i l s  ( S i t e s  1 , 6 , 2 and 8 ; T ab le  5 * 2 ).
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TABLE 5*2* D e s c r ip tio n o f  l i t t e r s  and s i t e s  u se d .
No. SQ Age
(Y ears)
S o i l  ty p e T o ta l l i t t e r  
accu m u la tio n  
xIO-’k g /h a
16 II 20 Meadow podso l 32.20
17 II 40 Mt. B u rr sand  
complex
24*37
19 V 20 Mt. B u rr sand 15*86
21 V 40 Mt. B u rr sand 22 .50
1 II 30 Nangwarry sand 17*86
6 II 30 Mt. B u rr  sand 26.52
2 II 30 N angwarry-W a n d i1o 11.83
sand
8 II 30 Mt. B urr san d - 
t e r r a  ro s s a
15*27
The e x p e rim e n ta l method was as  d e s c r ib e d  in  Sect*  5*3*1* 
The l i t t e r s  were a u to c la v e d , p la c e d  in  in o c u la t io n  
b o t t l e s  c o n ta in in g  L e n z ite s  t r a b e a  and th e  w eight lo s s  
m easured a f t e r  20 and 40 d ay s . The experim en t was re p e a te d  
u s in g  P h o l io ta  as  th e  t e s t  fu n g u s . In  t h i s  c a s e ,  th e  w eight 
lo s s  was m easured a f t e r  40 days o n ly . The r e s u l t s  a re  
shown in  T a b le s  5*3 to  5*6 and P ig .  5*4*
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R esu lts
(a ) The weight lo s s  in  L and F -la y er  l i t t e r s  
The weight lo s s  in  the s t e r i l i s e d  but non-
in o c u la te d  co n tro l l i t t e r s  was l e s s  than 1/6 o f the o r ig in a l  
weight a f t e r  40 days and s ig n i f ic a n t ly  le s s  (P <( 0 .1 $ )  
than th e  decom position occurring in  th e  s t e r i l i s e d  and 
in o cu la te d  l i t t e r s .
In th ose  l i t t e r s  in o cu la ted  w ith L e n z ite s . the  
g r e a te s t  w eight lo s s  occurred in  th e  L - l i t t e r s  w ith 79$ "to - 
90$ o f  th e  o r ig in a l weight rem aining a f t e r  40 days. Less 
decom position  occurred in  F - l i t t e r s  w ith 91$ to  97$ rem aining  
a f t e r  th e  same period  (Table 5*3 and 5*5)* When P h o lio ta  
was used  as the t e s t  fungus, l e s s  decom position  occurred  
although th e  r e la t iv e  weight lo s s e s  in  th e two s tr a ta  were 
the same. Thus the L - l i t t e r  re ta in e d  between 97$ and 99$ o f  
th e  o r ig in a l w eight (T ables 5-4  and 5 * 6 ). With both t e s t  
fu n g i, most w eight lo s s  occurred in  th e  f i r s t  20 days and 
su bseq u en tly  th e  decay r a te  d ecreased .
(b) Weight lo s s  o f l i t t e r s  from stands on sand dune 
d erived  s o i l s
When L en zites  was used as the t e s t  fungus, 
s ig n i f ic a n t ly  more decom position was measured in  l i t t e r s  from 
SQV stands than in  l i t t e r s  from SQII stands (T able 5*3»
P ig . 5*4)* The p a ttern  was th e  same in  both Land F - l i t t e r  
la y e rs  a lthough a f te r  40 days? weight lo s s  in  th e  SQII 20 
and the SQV 20 F - l i t t e r s  was s im ila r .  T his s i t e  q u a lity -  
w eight lo s s  p a ttern  i s  again  c o n s is te n t  w ith th a t recorded
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TABLE 5-3 D ecom position o f l i t t e r  from SQII and SQV s ta n d s  
a t  s i t e s  w ith  sand  dune s o i l s .  D ecom position  
m easured a s  p e rc e n ta g e  o f  o r ig in a l  w eight 
rem a in in g .
Fungus ; L e n z ite s  t r a b e a
SQ L“ l i t t c r
20 y e a rs  40 y e a rs
F - l i t t e r
20 y e a rs  40 y e a rs
SQII 89 .74 82.89 93 .73 97.12
SQV 81.74 78.09 94 .35 92.85
T ransform ed  d a ta  (A rc s in e )
SQII 71 .40 65 .63 75 .65 8O.65
SQV 64.72 62.52 76.27 74.56
A n a ly s is  o f  V a rian c e  on tra n s fo rm e d  d a ta
S i g n i f .
L .S .D .
P ^  5^ P <  1#
S i t e  q u a l i ty *** 1 .16 1 .55
L i t t e r  la y e r *** 1 .16 1 .55
Age * 1 .16
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TABLE 5 .4  D ecom position  o f  l i t t e r  from SQII and SQV s ta n d s  
a t  s i t e s  w ith  sand  dune s o i l s .  D ecom position 
m easured as p e rc e n ta g e  o f  o r ig i n a l  w eight a f t e r  
40 d ay s .
Fungus : P h o l io ta  s p e c ie s
SQ
L - l i t t e r
20 y e a rs  40  y e a rs
F - l i t t e r
20 y e a rs  40  y e a rs
SQII 94 .23 9 3 .9 8 9 8 .3 0 99.40
SQV 93 .04 92 .44 97 .19 9 8 .4 4
T ransform ed  d a ta  (A rcsin e )
SQII 76 .16 7 5 .8 8 8 4 .8 9 8 7 .4 4
SQV 74.80 74.14 80 .45 8 4 .4 9
A n a ly s is  o f  v a r ia n c e  on tra n s fo rm e d  d a ta
L .S . D.
S ig n i f  . p <  % P <T 1#
L i t t e r  la y e r *** 2 .0 0 2 .6 7
S i t e  q u a l i ty * 2 .0 0 -





































FIG. 5.4. DECOMPOSITION OF LITTER BY LENZITES TRABEA.
UPPER: LITTERS FROM SQII AND SQV STANDS AGED 20 AND 40 
YEARS ON SAND DUNE DERIVED SOILS.
LOWER: LITTERS FROM SQII STANDS, AGED 50 YEARS, ON 
DIFFERENT SOIL PROFILES; SAND PODSOLS: SITES 1,6; 
TERRA ROSSA: SITE 15; TRANSITIONAL SOILS: SITES 2,8.
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u s in g  n o n - s t e r i l c  and u n in o c u la te d  l i t t e r s  (S e c tio n  5*2). 
More d ecom position  o c c u rre d  in  th e  l i t t e r s  from th e  o ld e r  
s ta n d s  o f b o th  th e  SQII and SQV age s e r i e s .  T here was no 
age p a t t e r n  e v id e n t in  th e  F - l i t t e r  decay r a t e s .
When P h o lio ta  was u sed  as th e  t e s t  fu n g u s , 
d eco m p o sitio n  r a t e s  were s low er b u t th e  g e n e ra l w e ig h t- lo s s  
p a t te r n s  w ere th e  same (T ab le  5*4).
(c ) W eight lo s s  in  l i t t e r s  from s ta n d s  on a  range
o f  s o i l s
U sing  L e n z ite s  a s  th e  t e s t  fu n g u s , s i g n i f i c a n t l y  
d i f f e r e n t  am ounts o f  decom position  o c c u rre d  in  l i t t e r s  from 
s ta n d s  on d i f f e r e n t  s o i l s  (T ab le 5*5 » F ig .  5*4) .  Among th e  
L - l i t t e r s ,  th e r e  was no r e la t io n s h ip  betw een decom position  
and s i t e  d e s p i t e  a  la rg e  d i f f e r e n c e  in  th e  n it ro g e n  and 
phosphorus c o n te n ts  o f  l i t t e r s  from th e  s e v e ra l  s i t e s .  In  
th e  F - l i t t e r s  how ever, d ecom position  o f  th e  two l i t t e r s  from 
sand  podso l s i t e s  ( S i t e s  1 and 6) was 92*6$ and 95*9$ 
r e s p e c t iv e ly ,  w h ile  decom position  o f  l i t t e r  from th e  two 
t r a n s i t i o n a l  s o i l s  ( S i te s  2 and 8) was 91*2$ and 9 2 .2 $  
r e s p e c t iv e ly ;  th a t  i s ,  most decay was m easured in  l i t t e r s  
from s i t e s  w ith  on ly  sm a ll l i t t e r  acc u m u la tio n s  in  th e  
f i e l d  and l e a s t  decay in  l i t t e r s  from s i t e s  w ith  la rg e  
accu m u la tio n s  in  th e  f i e l d .  As b e f o r e ,  most decom position  
o c c u rre d  in  th e  f i r s t  20 d a y s . A s im i la r  p a t t e r n  was 
found when P h o lio ta  was u sed  as th e  t e s t  fungus a lth o u g h
th e  r a t e s  o f  decom position  were s low er (T ab le  5*6)
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TABLE 5*5 D ecom position o f  l i t t e r s  from  30 y e a r  o ld ,  SQII 
s ta n d s  from s i t e s  w ith  d i f f e r e n t  s o i l  p r o f i l e s .  
Decay m easured as th e  p e rc e n ta g e  o f th e  o r ig in a l  
w eight rem a in in g  a f t e r  4 0  d ay s .
Fungus • L e n z ite s  t r a b e a
S o i l  N angw arry
-N an d ilo
Mt. B urr 
t r a n s i t ­
io n a l
Nangwarry
sand
Mt. B urr 
sand
S i t e  No. 2 8 1 6
F ie l d  l i t t e r  sm all 
accum.
sm all medium heavy
L - la y e r
l i t t e r  78 .30 8 1 . 7 5 79-37 78.78
F - la y e r
l i t t e r  9 1 . 2 4 9 2 . 1 8 92 .60 95 .90
T ransform ed  d a ta
L - la y e r
l i t t e r  62.27 6 4 . 8 3 6 2 .99 6 2 . 5 9
F - la y e r
l i t t e r  72.82 73.82 72.82 7 8 . 3 8
A n a ly s is  o f  V a rian c e  o f tra n s fo rm e d  d a ta
L.,S .D .
S ig n i f . p <  5^ P <  1$
L i t t e r  la y e r *** 1.01 1 .35
S i t e *** 1.42 1 .90
L i t t e r  la y e r  x s i t e ** 2 .0 1 2 . 6 9
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TABLE 5*6 Decomposition of litters from 30 year old SQII 
stands from sites with different soil profiles. 
Decay measured as percentage weight remaining 
after 40 days.















litter 95.03 92.31 92.40 93.40
F-layer 
litter 96.82 97.43 97.30 99.12
Transformed data
L-layer 
litter 78.29 73.99 74.08 75.14
F-layer
litter 79.90 80.91 81.53 85.61
Analysis of variance of transformed data
Signif.
L.S
P <  5^
• D.
P <  1 %
Sites *** 2.48 3.31
Litter layer *-** 1.57 2.09
Site x litter layer *** 3.51 4.68
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5 .5  LITTER DECOMPOSITION FOLLOWING ADDITIONS OF NITROGEN, 
PHOSPHORUS AND ENERGY-
A number o f  c o r r e la t io n s  "between l i t t e r  a c c u m u la tio n s , 
and l i t t e r  n u t r i e n t  and carbon  (en e rg y ) c o n c e n tra t io n s  w ere 
re c o rd e d  in  C h ap te r 4« T h ese , to g e th e r  w ith  th e  ev idence  o f  
v a r i a b i l i t y  in  th e  n a tu re  o f P . r a d i a t a  l i t t e r  as  a  fu n g a l 
s u b s t r a t e  su g g e s te d  th a t  a d d i t io n s  o f  n u t r i e n t s  and energy  
m ight in f lu e n c e  decay r a t e s .  In  th e  p re v io u s  s tu d ie s  u s in g  
n o n - s t e r i l e ,  u n in o c u la te d  l i t t e r s  (S e c tio n  5 * 2 .1 ) ,  such 
a d d i t io n s  had no s t im u la to ry  e f f e c t  on d ecom position  r a t e s .  
However, t h i s  c o u ld  have been due to  some in h ib i to r y  m icro 
o rgan ism s in  th e  n o n - s t e r i l e  l i t t e r s ,  a s  o th e r  w orkers 
have r e p o r te d  n u t r i e n t  and energy  a d d i t io n s  s t im u la t in g  
l i t t e r  d ecom position  (Waksman and G e rre ts c n  1931, F r ie d e l  
and  A t t iw e l l  1968, K ruse 19^9) • Hence an in v e s t ig a t io n  o f  
th e  in f lu e n c e  o f  n u t r i e n t s  on l i t t e r  decay has been  made 
u s in g  th e  more p r e c i s e  in c u b a tio n  b o t t l e  te c h n iq u e .
Two L - la y e r  and two F - la y e r  l i t t e r s  were u se d . The 
L - l i t t e r s  were th o s e  found to  have r e l a t i v e l y  r a p id  
decom position  r a t e s  in  th e  p re v io u s  s e c t io n  ( i . e .  SQII 20 , 
SQV 4 0 ) .  The F - l i t t e r s  were from s i t e s  h av in g  la rg e  and 
sm a ll f i e l d  l i t t e r  accu m u la tio n s  r e s p e c t iv e ly  ( S i t e  6 -  
a  Mt. B u rr s a n d , and S i t e  2 -  a  Nangwarry-W andi 1 o sand  
t r a n s i t i o n a l  s o i l ) .
T hree n u t r i e n t  tre a tm e n ts  were a p p l ie d  p r io r  to  
a u to c la v in g  th e  sam p les.
( i )  N itro g e n  -  1$ n i t r o g e n  was added in  th e
form o f  ammonium n i t r a t e
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( i i )  Phosphorus -  2^ phosphorus was added in  th e  
form  o f sodium d ihydrogen  p h o sp h a te ,
( i i i )  G lucose (a s  an energy  so u rce )  -  1 ml o f  3$
( w / v )  g lu c o se  was added to  each sam ple. 
U n tre a te d  l i t t e r s  in o c u la te d  w ith  L e n z ite s  were u sed  as 
c o n t r o l s .  In c u b a t io n  p roceeded  fo r  40 days and th e  r e s u l t s  
a re  shown in  T a b l e s a n d  F ig ,
R e s u lts
(a )  N itro g e n
In  a l l  fo u r  l i t t e r s ,  th e  a d d i t io n  o f  n it r o g e n  
caused  a  r e d u c t io n  in  w eight lo s s  ( s i g n i f i c a n t  a t  P ^  0 .1 ^ ) 
(T ab le  5*7) • The in t e r a c t io n  betw een l i t t e r s  was a ls o  
s ig n i f i c a n t  (P <* 5$) su g g e s tin g  a  d i f f e r e n c e  in  th e  way 
L and F - l i t t e r s  r e a c te d  to  th e  n u t r i e n t  a d d i t io n .  Thus 
w eight lo s s  was red u ce d  by about 2% ( o f  th e  o r ig in a l  l i t t e r  
w eigh t) in  th e  F - l i t t e r s ,  b u t by n e a r ly  11 'jo in  b o th  th e  




























SQ 2L SQ 5L
Fig. 5.5. Litter decomposition following additions of nitrogen (N), 
phosphorus (P), and glucose (G). Control (C) shown 
hatched.
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TABLE 5 .7  D ecom position  fo llo w in g  th e  a d d i t io n  o f n it ro g e n
(NH^NO^) to  L end F - la y e r  l i t t e r s .  Decay m easured
er»  e
as  Kw eight rem a in in g  a f t e r  40  d ay s .
Fungus ; L e n z ite s  t r a h e a
L i t t e r SQII-20L SQV-40L 2F 6F
C o n tro l 8 5 .O8 78.48 93.44 97-27
N added 9 6 .0 8 8 8 .8 7 96.21 9 8 .5 7
T ransfo rm ed  d a ta  ( a r c s in e )
C o n tro l 6 7 .3 0 62.37 75.18 81 .40
N added 79-04 71 .0 2 78.95 8 3 .9 8
A n a ly s is o f v a r ia n c e  on tra n s fo rm e d  d a ta
L.S .B.
S ig n i f . P < 5% P ^  1%
T reatm ent *** 2 .1 0 2 .82
L i t t e r ** 2 .9 6 3 .9 8
T reatm ent x l i t t e r  * 4 .1 9 -
(b) Phosphorus
Phosphorus a d d i t io n  a lso  cau sed  a  s ig n i f i c a n t  
re d u c t io n  in  th e  decom position  r a t e  (P < 1$) b u t l e s s  
m arkedly th a n  d id  n it r o g e n  a d d i t io n  (T ab le  5 .8 ,  F ig .  5*5)* 
In  th e  F - l i t t e r s ,  d ecom position  was red u ce d  by on ly  a  few 
p e rc e n t r e l a t i v e  t o  th e  c o n t r o l ,  b u t in  th e  L - l i t t e r s  
decom position  was red u ced  by 4%-6% fo llo w in g  th e  a d d i t io n  
o f  p h o sp h o ru s. A lthough  d if f e r e n c e s  betw een th e  l i t t e r s  
were s ig n i f i c a n t  (P < 0.1%) th e re  was no s ig n i f i c a n t
tre a tm e n t x  l i t t e r  i n t e r a c t io n
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TABLE 5*8 D ecom position  fo llo w in g  th e  a d d i t io n  o f  phosphorus 
to  L and F - la y e r  l i t t e r s .  Decay m easured as 
p e rc e n ta g e  o f  o r ig in a l  w eigh t rem a in in g  a f t e r  
40 days
Fungus j L e n z ite s t r a b e a
L i t t e r SQII-20L SQV-40L 2F 6F
C o n tro l 85 .O8 78.48 93.44 97.27
P added 89 .04 84 .07 95.11 98 .60
T ransfo rm ed  d a ta  ( a r c s in e )
C o n tro l 67 .30 62 .37 75.18 81 .40
P added 71.00 66 .54 77.47 8 3 .3 4
A n a ly s is o f  v a r ia n c e  on tra n s fo rm e d  d a ta
L.S .D .
S ig n i f . p <  5% P <  1 %
T rea tm en t ** 1.71 2 .3 0
L i t t e r *** 2 .42 3 .26
T rea tm en t x l i t t e r  NS - -
(c )  G lucose
G lucose had  l i t t l e  e f f e c t  on l i t t e r  decom position  
and th e  tre a tm e n t was n o t s ig n i f i c a n t  s t a t i s t i c a l l y  
(T ab le  5 * 9 ). In  b o th  F - l i t t e r s ,  g lu c o se  t r e a t e d  l i t t e r s  were 
s l i g h t l y  more decomposed th a n  th e  c o n t r o l s ,  w h ile  in  th e  
L - l i t t e r s ,  th e  SQV l i t t e r  was u n a f f e c te d  and th e  SQII l i t t e r  
s l i g h t l y  l e s s  decomposed th a n  th e  c o n t ro l  (F ig .  5*5)»
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These r e s u l t s  su g g e s t t h a t  d ecom position  i s  no t 
b e in g  l im i te d  by m ajor n u t r i e n t s  o r by th e  a v a i l a b i l i t y  o f 
e n e rg y , a t  l e a s t  under th e s e  c o n d i t io n s  o f  in c u b a tio n  and 
w ith  th e s e  p a r t i c u l a r  forms o f  added n u t r i e n t s  and en ergy .
TABLE 5 .9  D ecom position  fo llo w in g  th e  a d d i t io n  o f  g lu c o se  
to  L and F - la y e r  l i t t e r s .  Decay m easured as th e  
p e rc e n ta g e  o f th e  o r ig i n a l  w eight rem a in in g  a f t e r  
40 days
Fungus : L e n z ite s  t r a b e a
L i t t e r SQII-20L SQV-40L 2F 6F
C o n tro l 85 .O8 78.48 93 .44 97.27
G lucose 91 .04 78 .40 91.77 96.10
T ransfo rm ed  data, ( a rc s in e )
C o n tro l 67 .30 62 .37 75.18 81 .40
G lucose 72.91 6 2 .33 73.43 79.10
A n a ly s is  o f  V arian ce  on tra n s fo rm e d  d a ta
L .S .D .
S ig n i f .  P < %  P <  V/o
T reatm en t NS -  -
L i t t e r  *** 2 .5 4  3.42
*  3.60T reatm en t x l i t t e r
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5.6 LITTER DECOMPOSITION FOLLOWING LEACHING
In the initial investigations carried out using 
non-sterile litters with naturally occurring mixed microbial 
populations, the marked reduction in the decay rate with time 
suggested inhibitory materials could accumulate in decomposing 
P. radiata litter. Similar patterns have been obtained in the 
sterile litters inoculated with test fungi. A number of 
workers have found extracts from leaf litter which were 
inhibitory to micro-organisms (Melin and Wiken 1945 f°r Acer. 
Bublitz 1959 for some conifers. Knowles and Laishley 1959 
for Fagus) and several investigators have found the 
decomposition rate increased after leaching treatments 
(King and Heath 1967 for Quorcus and Fagus. Kowal 19^9 for 
Pinus).
Several leaching treatments have been applied, therefore, 
to test whether similar inhibitory factors are present in 
P. radiata litter. The nature of the material leached 
depends on the properties of the solvent used (Saito i960).
Most of the studies quoted above simply leached the litters 
with water. However leaching with water, methanol and ether 
could allow the separation of long, intermediate and short 
chained polymers respectively from the litters and enable 
an examination of the significance of each to litter decay 
(W.A. Heather, personal '■'ommunication). This programme could 
not be completed in time and the study reported gives the 
results of only the water and methanol leaching.
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( i )  N a to r  le a c h in g
The l i t t e r s  were p la c e d  in  wide m outhed, two p in t  
j a r s  and th e s e  were f i l l e d  to  o f  t h e i r  c a p a c ity  w ith  
d i s t i l l e d  w a te r .  The j a r s  were shaken  on an end ov er end 
sh a k e r fo r  48 h o u rs  w ith  f re q u e n t changes o f  w a te r . The 
l i t t e r s  were a i r - d r i e d  and weighed in to  th e  c o n ta in e r s .
( i i )  M ethanol le a c h in g
The l i t t e r s  were packed in to  p aper th im b le s  and 
e x t r a c te d  w ith  h o t m ethanol in  a  S o x h le t a p p a ra tu s  f o r  2-| 
h o u rs . The a p p a ra tu s  a llo w s m ethanol to  be c o n t in u a l ly  
le a c h e d  th ro u g h  l i t t e r  by a  c y c le  o f  d i s t i l l a t i o n ,  le a c h in g  , 
and s ip h o n in g  o f  th e  le a c h a te  back in to  th e  d i s t i l l a t i o n  
cham ber. The sam ples were d r ie d  and a llo w ed  to  s ta n d  o v e rn ig h t 
b e fo re  w eigh ing  in to  th e  c o n ta in e r s .
L c n z ite s  t r a b e a  was u sed  as  th e  t e s t  fungus and 
w eigh t lo s s  was re c o rd e d  a f t e r  40 d ay s . The r e s u l t s  a re  shown 
in  T ab les  5 . 1 0 ,  5*11 and P ig .  5*6*
R e s u lts
(a )  W ater le a c h in g
L each ing  w ith  w ate r cau sed  a  s ig n i f i c a n t  (P 0.1 fo) 
in c re a s e  in  th e  decom position  o f a l l  l i t t e r s  (T ab le  5*10 ) .  The 
s iz e  o f  th e  in c re a s e  was th e  same in  b o th  L and P - la y e r  
l i t t e r s  (ab o u t 3fo o f  th e  o r ig in a l  w eig h t) , and d ecom position  
o f  th e  l i t t e r s  from  d i f f e r e n t  la y e r s  rem ained  s i g n i f i c a n t l y  
d i f f e r e n t .  Thus SQII L - l i t t e r  from th e  20 y e a r  o ld  s ta n d  
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Fig. 5.6. Litter decomposition following leaching treatments. 
C.onft'o ^ s W o o ~ i K cxFc.L ec{ .
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t r e a tm e n t and on ly  69. 6% when le a c h e d . S im i la r ly ,  an 
F - l i t t e r  from a  Mt. B u rr sand  r e ta in e d  89.3% when u n leach ed  
and 86.4% when le a c h e d .
TABLE 5*10 L i t t e r  decom position  a f t e r  48 hou rs  w a te r le a c h in g .
Decay m easured as th e  p e rc e n ta g e  o f  th e  o r ig i n a l  
w eight rem a in in g  a f t e r  40 d ay s .
Fungus ; Lenz i t e s  t r a b e a
L i t t e r S Q II-20 : SQV-40L 8F 6F
C o n tro l 73 .60 70.94 87.93 89.34
Leached 69.63 67.28 84.86 86 .36
T ransform ed  d a ta
C o n tro l 56 .79 57.39 69.68 70.97
Leached 56.56 55.11 67.11 68.37
A n a ly s is o f  V a rian c e  on tra n s fo rm e d  d a ta
L.S .D.
S i g n i f . p <  % P <  1%
T reatm en t M y  y  ™ A  A 0 .7 3 0 .9 7
L i t t e r V  V  V 1 .03 1 .38
T rea tm en t x l i t t e r  NS
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(b) Methan o l le a c h in g
T here  was no s i g n i f i c a n t  d i f f e r e n c e  betw een th e  
fo u r  le a c h e d  and u n leach ed  l i t t e r s  a lth o u g h  a  s ig n i f i c a n t  
i n t e r a c t io n  showed th e  l i t t e r s  w ere in f lu e n c e d  in  d i f f e r e n t  
ways (T ab le
D ecom position  in  b o th  th e  F - l i t t e r s  was s l i g h t l y  
in c re a s e d  by th e  t r e a tm e n t .  D ecom position  in  th e  L - l i t t e r s ,  
on th e  o th e r  h an d , was reduced  in  th e  SQII l i t t e r  (from  85$  
to  94/£ rem a in in g  o f  th e  o r ig in a l  w e ig h t ) , b u t th e  tre a tm e n t 
was in e f f e c t i v e  on th e  SQV L - l i t t e r .
TABLE L i t t e r  decom position  a f t e r  le a c h in g  w ith  m e th an o l.
Decay m easured as  th e  p e rc e n ta g e  o f th e  o r ig i n a l  
w eigh t rem a in in g  a f t e r  40 d ay s .
Fungus : L e n s i te s  t r a b e a
L i t t e r SQ II-20L SQV-40L 2F 6F
C o n tro l 85 .O8 78.48 93 .44 97.27
Leached 93.78 78.90 92.12 96.02
T ransform ed d a ta
C o n tro l 67.30 62 .37 75 .18 81 .40
Leached 76.31 62.68 73 .74 79.07
A n a ly s is  o f  V arian c e  on tra n s fo rm e d  d a ta
L.S oD.
S i g n i f . p < 55s P <6 15g
T reatm ent US - -
L i t t e r *** 2 .7 9 3 .75
T rea tm en t x l i t t e r *** 3 .94 5 .30
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These results indicate that some water soluble substance 
inhibitory to fungal activity may be present in both litter 
layers at the time of collection from the forest floor but 
there appears to be no greater accumulation or concentration 
of the substance in the more decomposed F-layer litter than 
in the fresh, relat ively undecomposed L-layer litter. The 
substance was not removed by a methanol extraction.
5.7 DECOMPOSITION OF P» RADIATA LITTER RELATIVE TO 
DECOMPOSITION IN OTHER PLANT MATERIAL
Throughout all experiments, the decay rate of F-layer 
litter has been particularly slow, despite the apparently 
favourable experimental conditions. Pine litter is commonly 
considered to be relatively resistant to decomposition when 
compared with other plant materials (e.g. Ivarson and 
Sowden 1959)• The decay rates of various P, radiata litters 
and some other organic materials have been compared, therefore, 
under the standard conditions of the incubation bottles to 
obtain some quantitative evaluation of just how resistant 
P, radiata Htter may be. As several workers have suggested 
the decomposition rates of conifer litter may be hastened 
by mixtures with non-conifer material (Lutz and Chandler 
1946, Gustafson 1943), a mixed clover-pine substrate was 
included in the test series.
The materials used included!
(a) Freshly shed oak litter (Quercus palustris).
(b) Wheat straw (Triticum sp.).
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(c ) E u ca ly p t l i t t e r  (E. b r i dges.igjia) -  a  s c le ro p h y l l  
w oodland s p e c ie s .
(d) C lo v e r (Tr i f o l i u m s p . ) .
(e )  p ° r a d i a t a  SQII 2CI-
( f ) P . r a d i a t a  SQII 40F
(g) P . r a d i a t a  SQV 40L
(h) P . r a d i a t a  SQII 20L -  C lo v er mix (1 :1  by w e ig h t) .
L e n z itc s  t r a b e a  was u sed  as th e  t e s t  fu n g i and th e  s tu d y  
was ru n  f o r  40 d ay s . The r e s u l t s  a rc  shown in  T ab le  ^ , 1 2  and 
F ig u re  5.7
R e s u lts
D ecom position  r a t e s  v a r ie d  m arkedly in  th e  d i f f e r e n t  
m a te r ia ls  (F < 0.1'/b), L east decom position  was found in  th e  
F - la y e r  p in e  l i t t e r  SQII aged 40 y e a rs  (977^ rem ain in g ) and 
most in  th e  c lo v e r  (66^  re m a in in g )„ The L - la y e r  p in e  l i t t e r s  
w ere in te rm e d ia te  betw een th e s e  ex tre m es . The decay r a t e  in  
th e  p in e /c lo v e r  mix ( 77«70$) was n e a r  th e  mean o f  two component 
m a te r i a l s ,  s u g g e s tin g  t h a t  under th e s e  c o n d i t io n s ,  such 
m ix tu re s  have no s t im u la to ry  e f f e c t  on d ecom position  o f  th e  
p in e  l i t t e r  com ponent.
Of th e  o th e r  m a te r ia l s ,  f r e s h  oak l i t t e r  decomposed a t  
a  r a t e  on ly  s l i g h t l y  f a s t e r  th a n  th e  F - l i t t e r  w h ile  th e  
e u c a ly p t and w heat s traw  ran k ed  betw een th e  two p in e  L - l i t t e r  
m a te r ia ls  in  s u s c e p ta b i l i t y  to  decay . I t  i s  e v id e n t t h a t  th e  
F - la y e r  l i t t e r  in  P. r a d i a t a  i s  more r e s i s t a n t  to  d eco m p o sitio n  
th a n  most o f  th e  m a te r ia ls  t e s t e d .  T h is  i s  d e s p i te  th e  
r e l a t i v e l y  la rg e  n it ro g e n  c o n c e n tra t io n  (2 .4 $ )  o f  th e  
F - la y e r  l i t t e r  u se d .
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TABLE 5 -^2  D ecom position  o f  F . r a d i a t a  l i t t e r  r e l a t i v e  to  
o th e r  l i t t e r  m a te r ia l s .  D ecom position  m easured 
as  th e  p e rc e n ta g e  o f  th e  o r ig i n a l  w eight 
rem a in in g  a f t e r  40  d ays. V alues in  p a re n th e se s  
a re  tra n s fo rm e d  (A rcsin e ) d a ta
Fungus ; L e n z ite s  t r a b e a
Oak Wheat E u ca ly p t C lover
91.81 8 0 .0 7 82.21 65 .99
(7 3 .4 2 ) (6 3 .5 6 ) (6 5 .0 4 ) (5 4 .4 6 )
P in e P ine P in e P in e /C lo v e r
S Q II-20L SQV-40L S P J I -40F mix
8 9 .7 4 78.69 97.11 7 7 .7 0
(7 1 .4 0 ) (6 2 .5 2 ) (8O .65) (6 1 .8 9 )
A n a ly s is  o f  v a r ia n c e  o f  tra n s fo rm e d  d a ta
I S .D .
S ig n i f .  P <T %  P <• 1%
3.84D if fe re n c e s  betw een  l i t t e r  *** 2 .9 0
Phol i ot a
Len z i t es
F LITTER ACCUMULATION ( x l 0 3KG/HA)
Fig. 5-B. Relationship between decomposition in laboratory of F 
layer litter and the weight of this litter accumulated 
in the field. Decomposition by Pholiota represented 
by ■ ; Lenzites by • . Darkened symbols are litters 
from the soil series sites. Open symbols are 40 year 
old SQ II and SQ V stands.
Fig. 5.7. Decomposition of various plant materials by Lenzites.
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5 .8  DISCUSSION
Even u nder a p p a re n tly  fa v o u ra b le  c o n d it io n s  f o r  d ecay , 
th e  l i t t e r  o f  P . r a d i a t a  i s  h ig h ly  r e s i s t a n t  to  d eco m p o sitio n . 
The F - la y e r  l i t t e r s  in  p a r t i c u l a r ,  a re  more r e s i s t a n t  to  
d eco m p o sitio n  th a n  s e v e r a l  o th e r  o rg a n ic  m a te r ia ls  t e s t e d ,  
d e s p i t e  n i t r o g e n  c o n te n ts  in  ex ce ss  o f  two p er c e n t .
L i t t e r s  from th e  L - la y e r  a re  more r e a d i ly  decomposed; p o s s ib ly  
th e s e  l i t t e r s  have h ig h e r  c o n c e n tra t io n s  o f  w a te r s o lu b le  
m a te r ia ls  r e a d i ly  a v a i la b le  to  th e  m ic ro flo ra , (M elin  1930, 
B ro ad fo o t and P ie r r e  1939 T V iro  1955» N y k v is t 1959» Brown 
and F re d r ic k  1 9 8 8 ). D e sp ite  th e  c o n s id e ra b le  r e s i s t a n c e  o f  
th e  F - la y e r  l i t t e r s  to  d eco m p o sitio n , i t  i s  p o s s ib le  to  
r e l a t e  th e  la b o ra to r y  w eigh t lo s s  to  th e  accu m u la tio n s  o f 
th e  l i t t e r s  in  th e  f i e l d .  T h is  r e l a t io n s h ip s  i s  shown in  
F ig .  5*8, u s in g  a l l  th e  d a ta  a v a i la b l e  fo r  30 and 40 y e a r  o ld  
s ta n d s .  D ata  from  th e  20 y e a r  o ld  s ta n d s  have been  excluded  
b eca u se  th e  amount o f  l i t t e r  accum ula ted  a t  t h i s  age may 
change r a p id ly  w ith  s ta n d  ag e . U sing  L e n z ite s  a s  th e  t e s t  
fu n g u s , th e  c o r r e l a t i o n  c o e f f i c i e n t  betw een th e  decay 
m easured in  th e  la b o ra to ry  and th e  l i t t e r  acc u m u la tio n  in  th e  
f i e l d  i s  0 .845  (P ^ 5%).  U sing  P h o l io ta  a,s th e  t e s t  fu n g u s , 
th e  c o r r e l a t i o n  c o e f f i c i e n t  i s  0 .901 (P <  5$)• These 
c o r r e l a t i o n s  show l i t t e r s  d i f f e r  a s  m ic ro b ia l s u b s t r a t e s ,  
and  i t  may be t h i s  d i f f e r e n c e  betw een  l i t t e r s  w hich i s  
l a r g e ly  r e s p o n s ib le  f o r  th e  d i f f e r e n c e s  in  f i e l d  acc u m u la tio n .
One o f  th e  s ig n i f i c a n t  r e c u r r e n t  f e a tu r e s  o f  th e s e  
s tu d ie s  h as  been  th e  o b s e rv a tio n  t h a t  l i t t e r s  from SQV
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s ta n d s  (b o th  L and P—la y e r s )  have g e n e ra l ly  decomposed f a s t e r  
th a n  th o s e  from SQII s ta n d s ,  whore a l l  l i t t e r s  have been  
c o l l e c t e d  from s o i l s  d e r iv e d  d i r e c t l y  from sand  dune s o i l s .  
T h is  p a t t e r n  was o b ta in e d  in  l i t t e r s  sam pled on s e v e ra l  
o c c a s io n s  and in  re sp o n se  to  d ecom position  by b o th  th e  
in d ig e n o u s  mixed m icro f l o r a ,  and  th e  two t e s t  fu n g i 
(Lcn z i t e s  and  P h o l io ta  s p e c ie s ) .  M oreover, decom position  o f 
th e  SQV l i t t e r s  has been  f a s t e r  d e s p i te  th e  low er n it ro g e n  
and  phosphorus c o n c e n tra t io n s  in  th e s e  l i t t e r s .  On th e  
o th e r  h an d , w here l i t t e r s  from a  b ro a d e r  range  o f  s o i l s  have 
been  t e s t e d ,  l i t t e r s  w ith  la r g e r  n i t r o g e n  c o n c e n tra t io n s  
decomposed f a s t e r  th a n  th o s e  w ith  s m a lle r  cone entreat io n s .  
Thus th e  w eigh t lo s s  o f  l i t t e r s  from t r a n s i t i o n a l  s o i l  s i t e s  
was g r e a t e r  th a n  th e  w eight lo s s  o f  l i t t e r s  from sand  dune 
d e r iv e d  s o i l  c i t e s .
A p p a re n tly  th e r e  i s  no sim p le  r e l a t i o n s h ip  betw een th e  
n u t r i e n t  c o n c e n tra t io n s  o f  l i t t e r  ( n i t r o g e n  and phosphorus) 
and th e  s u s c e p t i b i l i t y  o f l i t t e r  to  m ic ro b ia l d eco m p o sitio n . 
T h is  was t e s t e d  s t a t i s t i c a l l y  by exam ining th e  r e l a t io n s h ip  
betw een decay and n u t r i e n t  c o n c e n tra t io n  fo r  a l l  th e  F - la y e r  
l i t t e r s  u se d . No s ig n i f i c a n t  c o r r e l a t i o n s  w ere found 
betw een d eca y , u s in g  e i t h e r  L c n z ite s  o r P h o l io t a . and 
n i t r o g e n  o r phosphorus c o n te n ts  (T ab le  5*13)*
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TABLE 5 ,1 3  C o r r e la t io n  c o e f f i c i e n t s  Between F - la y e r  l i t t e r  
d eco m p o sitio n  and n u t r i e n t  c o n te n t
T e s t Fungus N p e rc e n t P ppm
L e n z ite s -O.568 0.041
P h o lio ta -O.5OI -O . 3 1 5
S ig n if ic a n c e  f o r  P <T 5 % = 0 .707
The a d d i t io n  o f  an in o rg a n ic  n it r o g e n  so u rce  d id  no t 
s t im u la te  d eco m p o sitio n  o f  e i th e r  th e  n o n - s t e r i l e  l i t t e r  
c o n ta in in g  a  m ixed in d ig en o u s m ic ro f lo r a ,  o r  s t e r i l e  l i t t e r  
in o c u la te d  w ith  a  t e s t  fu n g u s . The r a t e  o f  d ecom position  was 
in  f a c t  red u ce d  by th e  n i t ro g e n  a d d i t io n .  In  c o n t r a s t ,  
o th e r  w orkers have g e n e ra l ly  found n i t r o g e n  added in  th e  
same o r  s im i la r  form h as  s t im u la te d  d eco m p o sitio n . F or 
exam ple, F ra n k la n d  (1969) f Qun<i  th e  a d d i t io n  o f  Ca(N0 )
2
in c re a s e d  th e  d eco m p o sitio n  o f  b rack e n  p e t i o l e s ,  and K ruse 
(1969) m easured f a s t e r  d ecom position  in  Ponderosa  p in e  
n e e d le s  fo llo w in g  th e  a d d i t io n  o f NH^NO^. However, t h i s  
may be  r e l a t e d  to  th e  f a c t  th a t  on ly  f r e s h ,  undecomposed 
l i t t e r  m a te r ia l  was u sed  in  th e se  s tu d i e s .  In  th e  on ly  
r e p o r t  soon where c o n i f e r  F - la y e r  l i t t e r  was u se d , n i t ro g e n  
(a s  ammonium s u lp h a te )  a d d i t io n  had  no e f f e c t  on th e  decay 
r a t e  (V iro  1963).
T here  a re  s e v e r a l  p o s s ib le  e x p la n a tio n s  o f  th e  
n i t ro g e n - in d u c e d  d e p re s s io n  of decom p o sitio n  o f  P , r a d ia .ta
l i t t e r :
-  135 -
( i )  F ungal grow th i s  depressed , by an e x c e ss iv e  ( i . e .  
to x ic )  a d d i t io n  o f  n i t r o g e n .
( i i )  The pH i s  red u ce d , by a  d i f f e r e n t i a l  u p ta k e  o f  
c a t io n  end accu m u la tio n  o f  a n io n , to  a  p o in t 
w here fu n g a l g n o rth  i s  a d v e rs e ly  e f f e c te d  
(C ochrane 1958)»
The ab sen ce  o f any re sp o n se  to  g lu c o se  was a ls o  
u n e x p e c te d . In  th e  in c u b a tio n  b o t t l e s  c o n ta in in g  th e  t e s t  
fungus grow ing on p ly  fe e d e r  s t r i p s ,  th e  fungus may have 
o b ta in e d  s u f f i c i e n t  energy  from so u rc e s  o th e r  th a n  th e  l i t t e r  
sam p le . However, t h i s  would n o t be  th e  c a se  in  th e
lo n g  term  decay exp erim en ts  in v o lv in g  th e  mixed m ic ro b ia l 
p o p u la tio n s  and n o n ~ s te r i l e  l i t t e r s  where a  m a lt-y e a s t  
e x t r a c t  was added to  th e  l i t t e r .  The r e l a t i o n s h ip s  betw een 
l i t t e r  d eca y , n u t r i e n t s  and energy  i s  c o n s id e re d  f u r th e r  in  
C h ap te r 6 .
T here i s  some ev id en ce  th a t  decay p a t te r n s  in  P. r a d i a t a  
l i t t e r  a re  in f lu e n c e d  by a  w ate r s o lu b le  f u n g i s t a t i c  
s u b s ta n c e .  R e p o rts  by o th e r  w orkers i n v e s t ig a t in g  o th e r  p in e  
and hardwood l i t t e r s  have a l s o  shown th a t  f u n g i s t a t i c  m a te r ia l  
c o u ld  be removed by w a te r  le a c h in g  (Runov and Egorova 195?, 
Kowal 1969).
The i d e n t i t y  o f  th e  m a te r ia l  removed from  P, r a d i a t a  
l i t t e r  i s  n o t known. The f a c t  t h a t  deco m p o sitio n  was 
s t im u la te d  by w a te r  b u t no t m ethanol le a c h in g  su g g e s ts  th e  
m a te r ia ls  were lo n g  c h a in , r a th e r  th a n  s h o r t  o r in te rm e d ia te  
le n g th  polym ers (W.A. H e a th e r , p a r s .  com m.). Two o f  th e
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major extractives conferring durability to conifer wood are 
pinosylvin and pinosylvin monomethyl ether (Rudman 1962). 
However, both of these are soluble in methanol and 
insoluble in water and seem unlikely to be responsible for 
the changes in decomposition rates recorded in these studies. 
Polyphenols are water soluble and inhibitory to many micro­
organisms. However the work of Hayes (1965) suggests free 
polyphenols would not be found in P-layer pine litter. 
Possibly the material originates from other micro-organisms 
rather than from some component of the litter itself.
The removal of the inhibitory factor by water 
leaching caused only a small increase in the ra,te of litter 
decay, and it is unclear what role, if any, such material 
might have in the slow decomposition of pine litter. The 
presence of inhibitory materials in litters from a wider 
range of sites is examined further in Chapter 8.
The particular resistance of P-layer P , radiata 
litter to decomposition, despite an appreciable nitrogen 
content, and the pattern of decomposition of different 
litters which is unrelated to the total nitrogen content 
suggests that the fraction of the organic matter available 
as a microbial nutrient source may be small in P. radiata 
litter. Within different litters, the fraction may vary 
independently of total nitrogen. There are reports in 
the literature which suggest this variation might be due 
to the effects of leaf polyphenols and tannins. Handley 
(1954) found a number of leaf extracts from plants 
forming mor humus had the property of precipitating
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gelatin from solution. On the basis of this and other 
experiments, he suggested mor humus had leaf proteins made 
stable by tannins and that these formed a protective layer 
about the litter cellulose.
A number of other specific effects inhibitory to 
decomposition have subsequently been attributed to leaf 
tannins and polyphenols:
(i) The tanning of protein in litter material to 
produce complexes resistent to decay 
(Benoit et al* 1968),
(ii) The inactivation of microbial exoenxymes that 
affect the decomposition of large molecular 
weight compounds, such as protein, cellulose, 
hemi cellulose, other polysaccharides and 
lipids (Benoit and Starkey 1968a)«
(iii) Complexing of tannins and non-proteins to 
produce substances resistant to decay 
(Benoit and Starkey 1968b).
Polyphenols are contained in the cell vacuoles of 
fresh leaves and are released at leaf senescence. Some 
may be leached away by rainfall but the remainder can 
form complex bridging structures with basic nitrogen 
containing groups, or act as tanning agents where the 
litters have a pH in the range of pH 3-5 (Davies et. al.
1 9 6 4 t ) .  • •■■■)
Within any one species, the extent of the polyphenol 
tanning action may vary with nutrient status. For example, 
Davies et al. (1964b) suggested the nutrient status of 
leaves in the green crown influenced the subsequent decay
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process in these leaves on the forest floor. These workers 
demonstrated that the nitrogen and phosphorus concentrations 
could directly influence "both the quantity end diversity 
of phenolic substances in leaf cells. When nitrogen and 
phosphorus concentrations were large, small quantities of 
polyphenols were formed; when the concentrations were small, 
large amounts of polyphenols were formed. In terms of this 
hypothesis it is possible the needles of trees growing on 
sand podsol sites could be associated with rapidly 
increasing concentrations of polyphenols as the needles aged. 
In contrast, the needles in trees growing in sand-terra rossa 
transitional soils would have smaller concentrations of 
polyphenols developed in needles prior to litter fall. This 
could explain the lower accumulations of litter at the 
transitional soil sites and the greater susceptibility of 
this litter to decay in the laboratory experiments. However, 
it would not explain why some of.the SQII stands on meadow 
podsolic soils accumulate as much or more litter as some 
SQV stands on Mt. Burr sands, and why some litters from 
SQII meadow podsols also have slower rates of decay in the 
laboratory than SQV stands. The question of inter­
relationships between field accumulations, decay 
susceptibility, nitrogen availability and nitrogen release 
is examined further in subsequent Chapters in Part II, and
in Part III
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CHAPTER 6
MICROBIAL ACTIVITY IN LITTER 
6.1 INTRODUCTION
I t  i s  p erh ap s n o t u n ex p ec ted , g iv en  th e  d i f f e r e n c e s  in  
l i t t e r  a c c u m u la tio n , t h a t  th e  l i t t e r s  v a ry  as  m ic ro b ia l 
s u b s t r a t e s  (C h ap te r 5)« I t  was u nexpec ted  how ever, t h a t  
th e  q u a l i ty  o f  th e  l i t t e r  as a  m ic ro b ia l s u b s t r a t e  was no t 
r e l a t e d  d i r e c t l y  to  n i t r o g e n  c o n c e n tr a t io n ,  and th a t  l i t t e r  
from SQV s i t e s  would c o n s i s te n t ly  decompose f a s t e r  under 
la b o ra to ry  c o n d i t io n s  th a n  l i t t e r  from  th e  more p ro d u c tiv e  
SQII s i t e s .  In  C h ap te r 5 'the r a t e  o f  l i t t e r  w eight lo s s  
was m easured o v er r e l a t i v e l y  lo n g  p e r io d s  ( e .g .  up to  98  days 
in  one e x p e r im e n t) . In  t h i s  c h a p te r ,  th e  q u a l i t i e s  o f th e  
l i t t e r s  a s  m ic ro b ia l s u b s t r a te s  a rc  exam ined in  more 
in t im a te  d e t a i l  ov er a  s h o r te r  tim e sp an . I n v e s t ig a t io n s  
have been  made o f  th e  p a t te r n s  and r a t e s  o f  a c t i v i t y  o f  th e  
in d ig en o u s  m ic ro f lo ra  by m easuring  th e  r a t e s  a t  w hich  oxygen 
consumed by th e s e  o rg an ism s. The s tu d ie s  have been  made to  
d e te rm in e :
( i )  w hether th e  r e l a t i v e  l e v e ls  o f  a c t i v i t y  o f  th e  
m ixed p o p u la tio n s  o f  in d ig en o u s  m ic ro f lo ra  
c o rre sp o n d  to  th e  d i f f e r i n g  r a t e s  o f  decay 
m easured  u s in g  t e s t  f u n g i ,  and 
( i i )  to  in v e s t ig a t e  f u r th e r  th e  r e l a t i o n s h ip  betw een 
n u t r i e n t s ,  en e rg y , and l i t t e r  decay*
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Microbial activity in a soil or litter is commonly 
estimated by measuring the respiration of the micro­
organisms . The respiration rate is considered to be 
related to, and therefore indicative of this activity 
(Waksman and Starkey 1924, Stotzky 1965)» Litter and soil 
microbial activity have been measured in the field by 
enclosing samples and measuring the production of carbon 
dioxide over a period (Witkamp 1966a, 1966b; Wallis and 
Wild 1957; EHis 1969)0 'The methods commonly used are 
simple in principle but it is difficult to isolate 
microbial respiration from that of plant roots or animal 
respiration. A number of the laboratory techniques used 
to measure respiration have been reviewed by Stotzky (1965)* 
These cannot duplicate the measures of microbial activity 
in the field, but have proved useful in studies of the 
biological and chemical processes occurring in litter and 
soil. (Rovira 1953; Bunt and Rovira 1954; Chase and Grey 
1953, 1957, Birch and Friend 1956; Stotzky and Norman 1961a, 
1961b; Florence 1965; Stout and Butch 1968),
There are two classes of techniques used in 
respirometry. The first of these measures the output of 
carbon dioxide, generally by absorbing the carbon dioxide 
in an alkali and measuring the amount absorbed by 
titrimetry. The second class measures the uptake of 
oxygen by the respiring micro-organisms.
An analysis may be made for elemental oxygen in 
either the dissolved or gaseous form. Among the techniques 
used for measuring dissolved oxygen as an index of the
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oxygen c o n te n t o f  th e  s o i l ,  S to tz k y  (19^5) d is c u s s e s  
s e v e r a l  b a se d  on c o lo r im e tr ic  and p o la ro g ra p h ic  te c h n iq u e s .  
More commonly how ever, oxygen u p ta k e  i s  g e n e ra l ly  m easured 
in  th e  gaseous form . One te c h n iq u e  i s  b a sed  on th e  
e l e c t r o l y s i s  o f  w a te r .  U sing t h i s  m ethod, oxygen i s  
c o n tin u o u s ly  s u p p lie d  by th e  e l e c t r o l y s i s  o f  w a te r and 
th e  g e n e ra te d  hydrogen i s  m easured m an o m ctrica lly  a f t e r  
th e  carb o n  d io x id e  r e s p i r e d  has been  ab so rb ed  in  a l k a l i  
(Swabey and P assey  1953).
F o r th e  most p a r t  how ever, m anom etric te c h n iq u e s  have 
been  u sed  to  m easure oxygen up take  over s h o r t  p e r io d s ,  and 
o f  t h e s e , t h e  W arburg re s p iro m e te r  i s  perh ap s one o f  th e  
most w id e ly  u sed  in  s o i l  and l i t t e r  s tu d ie s  (R o v ira  1953, 
Jo h n s to n  1953, Chase and Grey 1953, B e rn ie r  i 960 , F lo re n c e  
1965, S to u t  and D utch  1968) .  The method has th e  advan tage  
o f  b e in g  s im p le  and a c c u ra te  to  u se  a s  w e ll as y ie ld in g  
h ig h ly  re p ro d u c ib le  r e s u l t s  (Chase and Grey 1953). W ith 
s e v e ra l  s e t s  o f W arburg v e s s e l s ,  b o th  oxygen u p ta k e  and 
carbon  d io x id e  o u tp u t from th e  r e s p i r i n g  organism  can be 
m easured . The r a t i o  o f  t h i s  gas exchange (CCd, o u tp u t/o ^  
u p ta k e ) ,  r e f e r r e d  to  as th e  R e s p ira to ry  Q u o tie n t (R .Q .) ,  
p ro v id e s  an index  o f  th e  n a tu re  o f  th e  m ic ro b ia l s u b s t r a t e .  
Thus f o r  exam ple an  RQ = 1 su g g e s ts  c a rb o h y d ra te s  may be 
th e  p rim ary  s u b s t r a t e  w h ile  RQ = 0 .7  su g g e s ts  th e  
su b s trp .te  may be  a  f a t  (U m breit e t  a l .  1964).
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The W arburg te c h n iq u e  s u f f e r s  from d isa d v a n ta g e s  
common to  most m anom etric te c h n iq u e s  f o r  m easuring  gas 
exchange in  c lo s e d  v e s s e l s .  One o f  th e s e  i s  t h a t  g ases  
o th e r  th a n  oxygen and carbon  d io x id e  may be p r e s e n t , 
p a r t i c u l a r l y  i f  a n ae ro b ic  c o n d itio n s  d evelop  ( e .g .  
d e n i t r i f i c a t i o n  may produce ox id es  o f  n i t r o g e n ) .  A nother 
i s  th a t  th e  ty p e  o f m icro -o rgan ism s a c t iv e  a t  th e  tim e o f 
m easurem ent can a f f e c t  b o th  th e  e v o lu tio n  o f  carb o n  d io x id e  
and  th e  consum ption o f oxygen. O rganism s halving a c t iv e  
d e c a rb o x y la se s  w i l l  l i b e r a t e  carbon  d io x id e  w ith o u t a  
con co m itan t u p ta k e  o f  oxygen. On th e  o th e r  h and , some 
organ ism s f i x  carb o n  d io x id e  and th e  amount o f  oxygen 
consumed w i l l  n o t bo in d ic a te d  by th e  amount o f  carbon  d io x id e  
d e te c te d .  However, w ith  mixed m ic ro b ia l p o p u la tio n s  a s  in  
s o i l  and l i t t e r ,  v a r ia t io n s  in  th e  r e s p i r a t o r y  q u o tie n t  a s  
a  r e s u l t  o f  th e s e  two f a c to r s  a re  p ro b ab ly  o f  on ly  m inor 
im portance  (S to tz k y  1965) .
Kost W arburg te c h n iq u e s  in v o lv e  th e  rem oval o f  m e tab o lic  
carbon  d io x id e  d u r in g  th e  measurement o f  oxygen u p ta k e  by th e  
m ic ro b ia l p o p u la tio n .  T here i s  l i t t l e  ev id en ce  a v a i la b le  
in d icca tin g  th e  in f lu e n c e  o f  carbon  d io x id e  p re s s u re  on 
fu n g a l r e s p i r a t i o n .  However, th e  oxygen u p ta k e  o f  some 
b a c t e r i a  i s  d e p re s se d  by carbon  d io x id e  rem oval (C ochrane 
1958)« The im portance  o f  t h i s  to  th e  m easurem ents o f  
r e s p i r a t o r y  a c t i v i t y  o f  th e  l i t t e r  m ic ro b ia l p o p u la tio n s  i s  
no t known a lth o u g h  th e  a c id ic  pH o f  th e  l i t t e r  su g g e s ts
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that the bacterial population may be relatively small.
Despite these potential limitations to its use, the 
Warburg apparatus can provide useful comparative 
measurements of the relative levels of microbial activity, 
particularly where the litter of one species collected at 
the one time from a single forest region is being studied.
Five studies on litter respiration have been made as 
follows:
(i) Determination of the respiratory quotient (R.Q.) 
for L and F-layer litter (Section 6.3*1)«
(ii) A comparison of the respiration of litter from 
stands of differing site quality and age, and 
on different soils (Section 6,3.2).
(iii) A study of the influence of added nitrogen to 
the respiration rates of different litters 
(Section 6.3.3).
(iv) A study of the influence of an added microbia,l 
energy source (glucose) to the respiration 
rates of different litters (Section 6.3.4).
(v) Measurement of the influence of air-dry storage 
of litter on the respiration rate following 
remoistening (Section 6.3,5)*
6.2 METHODS
The litter at each site was collected from within 
the same 100 ft square area, sampled to measure litter 
accumulation. In the sampling of L-layer litters, only 
pale yellow, newly fallen needles from the upper layers
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were c o l l e c t e d .  These and sam ples o f th e  more decomposed 
and m a tted  P - 1 i t t e r  were t r a n s p o r te d  to  th e  la b o ra to ry  in  
la rg e  p l a s t i c  bags and s to r e d  a t  4°C •
The W arburg re s p iro m e te r  te c h n iq u e  u sed  to  measure 
m ic ro b ia l r e s p i r a t i o n  r a t e s  fo llo w ed  th e  methods o u t l in e d  
by U m briet e t  a l .  ( 1964) .  The l i t t e r s  were a i r  d r ie d ,  
th o ro u g h ly  m ixed, and broken  by hand where n e c e ssa ry  
in to  p ie c e s  sm a ll enough to  f i t  w ith in  th e  r e s p i r a t i o n  f l a s k .  
A sub-sam ple  o f  1 .50  gm was u sed  in  each f l a s k .  A sm all 
p ie c e  o f  f l u t e d  f i l t e r  paper was in s e r t e d  in  th e  c e n t r a l  
w e ll o f  th e  f l a s k  and m oistened  w ith  0 .2  ml o f  15$ 
p o ta ss iu m  h y d ro x id e  to  abso rb  th e  carbon  d io x id e  evo lved  
d u rin g  r e s p i r a t i o n .  The to p  o f  th e  w e ll was sm eared w ith  
g re a se  to  p re v e n t th e  p o tassium  hy d ro x id e  ” c re e p in g "o u t 
o f  th e  w e l l .
The volume o f  s t e r i l e ,  g la s s  d i s t i l l e d  w ate r u sed  to  
m o isten  th e  l i t t e r  was f ix e d  a t  5 ml (320$ o f  l i t t e r  w eigh t) 
a f t e r  i n i t i a l  t r i a l s  in d ic a te d  s a t i s f a c t o r i l y  c o n s is te n t  
r e s p i r a t i o n  r a t e s  a t  t h i s  m o is tu re  c o n te n t .  T h is 
m o is tu re  le v e l  f a l l s  w e ll w ith in  th e  ran g e  found by 
B e rn ie r  ( i 960) to  be optimum fo r  r e s p i r a t i o n  in  a wide 
ran g e  o f  l i t t e r  m a te r ia l s .  A f te r  th e  w a te r had been  added , 
th e  f l a s k s  were a llo w ed  to  e q u i l i b r a t e  in  th e  w a te r b a th  
( a t  25°C) fo r  30 m inu tes b e fo re  m easurem ents o f  
r e s p i r a t i o n  w ere commenced. R e s p ir a t io n  was m easured as 
th e  u p ta k e  o f  oxygen over a  30 m inute p e r io d .  In  th e  
p e r io d s  betw een m easurem ents, th e  manometer s to p co ck s  
were l e f t  open.
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6 .3  RESULTS
6 .3 .1 «  The r e s p i r a t o r y  quot i e n t  (ReQ.) o f  L and F - la y e r  1i t t e r s 
M easurem ents o f th e  R<,Q„ were c a r r i e d  ou t on L and 
F - la y e r  l i t t e r s  c o l le c te d  from a 30 y e a r  o ld  s ta n d  a t  Mt. 
S tro m lo , A .C .T ., u s in g  th e  d i r e c t  method d e s c r ib e d  by 
U m breit e t  a l .  (1 964)•  Oxygen consum ption was m easured in  
f l a s k s  c o n ta in in g  po tass ium  hy d ro x id e  w h ile  th e  n e t t  gas 
exchange (oxygen consum ption and carb o n  d io x id e  o u tp u t)  was 
m easured in  f l a s k s  w ith o u t p o ta ss iu m  h y d ro x id e . The o u tp u t 
o f  ca rb o n  d io x id e  was c a lc u la te d  a r i t h m e t i c a l l y .  T hree 
r e p l i c a t e s  o f  each  p a i r  were m easured ov er a 2-g- hour p e r io d  
fo llo w in g  a  24 hou r e q u ilib r iu m  p e r io d .  The r e s u l t s  a re  
g iv e n  in  T ab le  6 .1 .
TABLE 6.1 R e s p ira to ry  Q u o tie n t o f  L and F - la y e r  l i t t e r s  
(means o f  3 r e p l i c a t e  p a i r s )
L i t t e r  Oxygen u p ta k e  Carbon d io x id e  R0Q.
(jil/gm )
L - la y e r  625 641 1 .03
F - la y e r  369 299 0.81
By com parison  w ith  th e  s c a le  o f  v a lu e s  g iv en  by 
U m breit e t  a l .  ( 1964) th e  r e s u l t s  su g g e s t c a rb o h y d ra te s  a re  
th e  p rim ary  m ic ro b ia l s u b s t r a te  in  th e  L - l i t t e r  la y e r s  b u t 
t h a t  o th e r  m a te r i a l s ,  p o s s ib ly  p ro te in a c e o u s  in  n a tu re ^ a re  
b e in g  u t i l i s e d  in  th e  F - l i t t e r s .
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6 .3 * 2 . R e s p ira t i o n  o f  l i t t e r s  from s t a nds o f  d i f f e r in g
s i t e  q u a l i ty  and age^_ and on d i f f e r e n t  s o i l  ty p e s  
The r e s p i r a t i o n  o f L and F - la y e r  l i t t e r s  was m easured 
o v er 70 h o u rs  to  compare th e  r e s p i r a t i o n  p a t te r n s  o f l i t t e r s  
from  d i f f e r e n t  s i t e s .  The l i t t e r s  w ere c o l le c t e d  in  May and 
u sed  w ith in  a  few weeks o f  c o l l e c t i o n .  A f te r  a i r  d ry in g , 
th e  l i t t e r s  were w eighed in to  W arburg f la s k s  and rem o is ten ed  
w ith  d i s t i l l e d  w a te r which had been  r in s e d  th ro u g h  f r e s h ,  
m o ist l i t t e r  to  en su re  th e  p re se n c e  o f  a  r e p r e s e n ta t iv e  
f i e l d  m ic r o f lo r a .  Two r e p l i c a t e s  o f each l i t t e r  were u sed . 
The l i t t e r s  used  were from th e  fo llo w in g  s i t e s ;
( i )  S tan d s  on sand dune d e r iv e d  s o i l s .
SQII s t a n d s ; -  age 1C, 20 , 30 and 40 y e a rs  
( s i t e s  1 5 , 1 6 , 4 , 1 7 ).
SQV s ta n d s ; -  age 10, 20 , 30 and 40 y e a rs  
( s i t e s  1 8 , 1 9 , 20 , 2 1 ) .
( i i )  S tan d s  o f around S Q II, and age 30 y e a r s ,  on 
s e v e ra l  s o i l  p r o f i l e s .
S i t e  8 ; -  Mt. B u rr sand  — t e r r a  r o s s a  
t r a n s i t i o n a l
S i t e  2 ; -  Nangwarry sand  -  W andilo sand  
t r a n s i t i o n a l
S i t e  1 Nangwarry sand  
S i t e  5*- Mt. B u rr sand  
S i t e  6 ; -  Mt. B u rr sand
The amount o f  l i t t e r  accum ula ted  and a b r i e f  
d e s c r ip t io n  o f  each o f  th e s e  s i t e s  i s  shown in  T ab le  5*2 
o f  th e  p re v io u s  c h a p te r .
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6.3.2. (a) Respiratory response as_ ji function of time
The pattern of respiration following the 
rewetting of litters differed markedly in the L and F-layer 
litters. In the L-layers, respiration increased to a 
maximum at 20-30 hours after the commencement of 
incubation. Subsequently the respiration rates decrestsed 
with time until an equilibrium level was reached after 
about 50 hours incubation (Fig* 6.1, 6.2)0 Thereafter 
respiration rates were constant until the conclusion of 
the experiment at 'JO hours. The maximum rate of respiration 
measured during the flush following rewetting was about 465 
pi O^/hour. After 70 hours incubation, the respiration 
rates in the L-layer litters ranged between 134 pi C^/hr. 
and 272 pi O^/hr.
Smaller respiration rates were measured in the 
F-layer litters, the maximum respiration being measured 
within a few hours of remoistening the litter. Thereafter 
the respiration rates decreased until an equilibrium rate 
;^ as approached about 25 hours after incubation commenced 
(Fig. 6.1, 6.2). After 70 hours incubation, respiration 
in F-layer litters ranged between 50 pi O^/hr. and 153 
pi C^/hr. The pattern of response was similar for each 
F-litter and the relative difference between litters 
evident after 5 hours were still present after 70 hours 
incubation*
This relationship between respiration rates 
in litters from the L and F-layers is similar to that
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o b se rv ed  in  -the s tu d ie s  o f  l i t t e r  d ecom position  u s in g  t e s t  
fu n g i (C h ap te r  5) ,  i . e .  l i t t e r s  from th e  L - la y e r  a re  a 
b e t t e r  m ic ro b ia l s u b s t r a te  th a n  th o s e  from th e  F - la y e r s ,
6*3.2  (b ) R e s p ir a t io n  r a t e s  in  l i t t e r s  from sand  dune
d e r iv e d  s o i l s  (S Q II. SQV s e r i e s ) »
L - la y e r  l i t t e r s ; G re a te s t  r e s p i r a t i o n  r a t e s  a f t e r  
70 h o u rs  in c u b a tio n  were m easured in  th e  L - la y e r  l i t t e r s  
from th e  10 and 20 y e a r  o ld  SQII s ta n d s  (P ig . 6 .1 )„  These 
l i t t e r s  had  th e  g r e a t e s t  peak r e s p i r a t i o n  r a t e s  in  th e  f lu s h  
fo llo w in g  w e tt in g  o f  th e  sam p les, a s  w e ll as  th e  l a r g e s t  
r e s p i r a t i o n  r a t e s  a f t e r  "]0 hours in c u b a t io n .  Thus a t  70 
h o u rs ,  r e s p i r a t i o n  i n  L - la y e r  l i t t e r  from th e  S Q II, 10 and 
20 y e a r  o ld  s ta n d s  was a t  th e  r a t e  o f  261 p i  O ^/hr and 
272 p i  O ^/hr r e s p e c t iv e l y ,  v;hile th e  r e s p i r a t i o n  r a t e s  fo r  
a l l  o th e r  L - l i t t e r s  a t  70 hours v a r ie d  betw een 134 and 217
I
p i 02/ h r .  (T ab le  6 .2 ) .
However, i f  th e  younger L - la y e r  l i t t e r s  a re  
e x c e p te d , th e  l e v e l  o f  m ic ro b ia l a c t i v i t y  i n  th e  SQII 
l i t t e r s  i s  no g r e a t e r  th a n  th e  a c t i v i t y  in  th e  SQV l i t t e r s ,  
f o r  l i t t e r s  from  e i t h e r  th e  30 y e a r  o ld  o r 40 y e a r  o ld  
s ta n d s .  T h is  f in d in g  i s  s im i la r  to  t h a t  o f  C h ap te r 5 , and 
i t  can b e  co n c lu d ed  t h a t  as  a m ic ro b ia l s u b s t r a t e ,  u s in g  
e i t h e r  t e s t  fu n g i o r m easuring  th e  a c t i v i t y  o f  in d ig en o u s  
m ic r o f lo r a ,  th e  o ld e r  SQV l i t t e r s  a re  equ a l to  o r b e t t e r  
th a n  th e  o ld e r  SQ II l i t t e r s ,  d e s p i te  a  g r e a te r  n i t ro g e n  
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Fig. 6 .1 .  R e sp i r a t io n  o f  l i t t e r  from SQ1I and SQV s tan d s  aged 10, 20, 30 
and 40 y e a r s ,  a t  s i t e s  with  sand dune d e r iv e d  s o i l s .
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TABLE 6 .2  R e s p ir a t io n  o f  l i t t e r s  from SQII and SQV s ta n d s  
o f  v a r io u s  ag es  on sand  dune s o i l s .  R e s p ira t io n  
m easured as  jx 1 O^/gm /hr a f t e r  70 h ou rs in c u b a tio n . 
D u p lic a te  m easurem ents shown w ith  mean v a lu e s .
S i t e
Q u a li ty
S ta n d  age 
(y e a rs ) 10
SQII 
20 30 40 10
SQV
20 30 40
























F -la y er 146 100 62 56 102 68 80 62
161 100 12 45 2 2 1 2 85 JO
Mean 153 100 66 50 96 70 82 66
A n a ly s is  o f  variance
L„S.Do
S ig n i f .  P < j/o  P < 1 $
D if fe re n c e  betw een *** 7 9
l i t t e r  la y e r s
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F - la y e r  l i t t e r s : The youn g est (10  y e a r)  SQII
l i t t e r  a g a in  had  a g r e a te r  r e s p i r a t i o n  r a t e  th a n  th e  
com parable SQV l i t t e r .  (F ig .  6 .1 ) .  But i f  t h i s  i s  ex c e p te d , 
th e  le v e l  o f  m ic ro b ia l a c t i v i t y  in  th e  SQII l i t t e r s  was no 
g r e a t e r  th a n  th a t  o f  th e  SQV l i t t e r s ,  d e s p i te  g r e a te r  
n i t r o g e n  and phosphorus c o n c e n tr a t io n s .  F o r exam ple, th e  
r e s p i r a t i o n  r a t e  a t  70 h o u rs  fo r  th e  l i t t e r  from  th e  SQII 
40 y e a r  s ta n d  was 50 j i l  O ^/hr and th e  l i t t e r  from th e  SQV 
40 y e a r  s ta n d  was 66 ji l  O ^ /h r. S im ila r  v a lu e s  f o r  th e  SQII 
30 y e a r  and SQV 30 y e a r  l i t t e r s  w ere 66 ji l  0o/ h r .  and 82 
^il O ^ /h r. r e s p e c t iv e ly .
F o r th e  F - la y e r  l i t t e r s  from s ta n d s  o f  d i f f e r e n t  
ages on th e  sand  dune s o i l s ,  an a n a ly s i s  was made 
c o r r e l a t i n g  r e s p i r a t i o n  r a t e s  w ith  n i t r o g e n ,  phosphorus 
and o rg a n ic  ca rb o n  c o n c e n tra t io n  r e s p e c t iv e ly .  As would be 
e x p e c te d , r e s p i r a t i o n  r a t e  and th e  ch em ica l co m p o sitio n  o f 
l i t t e r  were n o t r e l a t e d .  T h is  f in d in g  i s  s im i la r  to  t h a t  
re c o rd e d  in  th e  l i t t e r  decay  study} th a t  i s ,  l i t t e r  decay 
and chem ical com p o sitio n  o f  l i t t e r  a r e  n o t d i r e c t l y  
r e l a t e d  (C h ap te r  5)*
6 .3 ,2 .  (c )  R e s p ir a t io n  r a t e s  in  l i t t e r s  from 30 y e a r  o ld  
SQ II s ta n d s  oh a  v a r i e ty  of - s o i l  p r o f i l e s  
L - la y e r  l i t t e r s : G re a te s t  r e s p i r a t i o n  r a t e s
a f t e r  'JO  h o u rs  in c u b a tio n  were m easured in  th e  l i t t e r  from 
a  t e r r a  r o s s a  s o i l  ( S i te  8 ; 246 jil O ^ /h r .)  and l e a s t  in  
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Fig. 6.2. Respiration of litter from soil series sites.
Transitional soil litters 2, 8; Sands 1, 5, 6.
to if*
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The r e sp ir a tio n  r a te s  o f l i t t e r s  from other sand and 
tr a n s it io n a l s o i l  s i t e s  were ir re g u la r ly  d is tr ib u ted  
between th ese  and there was no general re la tio n sh ip  
between the s o i l  type and l i t t e r  resp ira tio n  (Table 6 ,3 ,
P ig . 6 .2 ) .  Thus greater resp ira tio n  was measured in  l i t t e r  
from the Mt. Burr sand (S ite  5) than in  the l i t t e r  from the 
tr a n s it io n a l Nangwarry sand -  Wandilo sand (S ite  2 ) .
F -layer  l i t t e r s : R espiration  ra te s  in  the
F - l i t t e r s  a t JO hours were grea test in  those from s i t e s  with  
tr a n s it io n a l s o i l s  and le a s t  in those from s i t e s  with sand 
podsol s o i l s  (P ig . 6 .2 , Table 6 .3 ) .  Thus at the two 
tr a n s it io n a l s o i l  s i t e s ,  S it e s  2 and 8 , the resp ira tio n  
ra tes  were 105 }il C^/hr. and 78 jfL O^/hr. r e sp e c tiv e ly . 
L itte r s  from the two Mt. Burr sand s i t e s ,  S ite s  5 and 6 , 
both had resp ira tio n  ra tes o f 56 u l O^/hr. R espiration  by 
the Nangwarry sand l i t t e r  was interm ediate between those o f  
the tr a n s it io n a l s o i l  l i t t e r s  and the Mt. Burr sand l i t t e r s .
An an a ly sis  was made of p o ss ib le  co rre la tio n s  
between chemical composition (n itro g en , phosphorus and 
carbon concentration) and the resp ira tio n  ra tes  o f the  
f iv e  l i t t e r s .  There were no s ig n if ic a n t  re la tio n sh ip s  
d esp ite  the fa c t th a t n itrogen concentration in  the two 
tr a n s it io n a l s o i l  l i t t e r s  i s  greater than that in  the three  
sand dune l i t t e r s .  A p o ss ib le  explanation o f the lack o f  
a co rre la tio n  can be seen in  the fa c t th at resp ira tio n -  
in  the two Aft. Bury sand l i t t e r s  (Site® 5i 6) w as-sim ilar
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TABLE 6.3 R esp ira tio n  o f  l i t t e r s  from 30 year o ld  SQII 
stan d s on d if fe r e n t  s o i l  ty p e s . R esp ira tio n  
measured as jul O^/gm/hr a f te r  70 hours in cu b a tio n . 
D u p lica te  measurements shown w ith  mean v a lu e s .
S i t e 8 2 1 5 6
S o i l  T r a n s it io n a l T r a n s it io n a l Sand Sand Sand




















A n a ly sis o f  variance
L.S .D .
S ig n i f . P < 5$ P < 1$
S i t e ■*** 10 14
L it t e r  la y e r *** 16 23
S i t e  x l i t t e r la y er *** 22 32
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w h ile  th e  n i t r o g e n  c o n te n ts  w ere 2.8% and 2.1% r e s p e c t iv e ly .  
S im i la r ly  th e  r e s p i r a t i o n  r a t e  o f  th e  Nangwarry sand  l i t t e r  
was s im i la r  to  t h a t  o f  th e  M t. B u rr sand  t r a n s i t i o n a l  s o i l  
l i t t e r  ( S i t e  8) d e s p i te  a  la rg e  d i f f e r e n c e  in  n i t ro g e n  
c o n c e n tr a t io n .
The la c k  o f  any c o n s is te n t  r e l a t i o n s h ip  "between 
n i t r o g e n  c o n te n t and e i th e r  decay by t e s t  fu n g i o r 
r e s p i r a t o r y  l e v e ls  su g g e s ts  th e  p o s s i b i l i t y  t h a t  th e  
p ro p o r tio n  o f  th e  t o t a l  o rg a n ic  n i t r o g e n  a v a i la b le  to  
m icro -o rg an ism s d i f f e r s  c o n s id e ra b ly  betw een l i t t e r s .  T h is  
h y p o th e s is  i s  e x p lo re d  f u r th e r  in  C h ap te rs  10 and 11 in  
s tu d ie s  o f  n i t r o g e n  m in e r a l i s a t io n  in  th e  v a r io u s  l i t t e r s ,
6 . 3«2 (d ) R e la t io n s h ip s  betw een F - l i t t e r  r e s p i r a t i o n  r a t e s
and l i t t e r  accu m u la tio n  in  th e  f i e l d .
E v idence was p re s e n te d  in  C h ap te r 5 showing th a t  
th e  acc u m u la tio n  o f  l i t t e r  in  th e  f i e l d  i s  r e l a t e d  to  th e  
n a tu re  o f  th e  l i t t e r  as  a m ic ro b ia l s u b s t r a t e  (m easured  as  
th e  decay r a t e  o f  a u to c la v e d  l i t t e r  in o c u la te d  w ith  
L e n z ite s  o r F h o l io ta  s p e c ie s ) .  A s im i la r  a n a ly s is  was made 
to  f in d  w hether a r e l a t io n s h ip  e x i s t s  betw een l i t t e r  
acc u m u la tio n  and th e  r e s p i r a t i o n  r a t e  o f  in d ig en o u s  
m ic ro -o rg a n ism s ; th a t  i s ,  betw een l i t t e r  accu m u la tio n  and 
th e  a c t i v i t y  o f  m icro -o rgan ism s u s in g  th e s e  s u b s t r a t e s .  
L i t t e r s  from th e  F - la y e r s  o f  a l l  th e  s ta n d s  sam pled were 
in c lu d e d , w ith  th e  e x c e p tio n  o f  th o se  from 10 and 20 
y e a r  o ld  s ta n d s .  These were o m itte d  as  th e  amounts o f
12
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l i t t e r  accum ula ted  a t  th e s e  s i t e s  a re  r a p id ly  ch an g in g .
The r e l a t i o n s h ip  i s  h ig h ly  s ig n i f i c a n t  and 
s u p p o r ts  th e  p re v io u s  ev id en ce  s u g g e s tin g  l i t t e r  tu rn o v e r  
i s  s t r o n g ly  in f lu e n c e d  by th e  n a tu re  o f  th e  l i t t e r  as  a 
m ic ro b ia l  s u b s t r a t e :
R e s p i r a t io n  m 108 .99  -  2.61 L.A. r  = -0 .9 1 3  *** 
( p i  02/ h r . )
where LA = L i t t e r  accu m u la tio n  
(k g /h a )
The r e l a t i o n s h i p  i s  shown g r a p h ic a l ly  in  P ig .  6 .3 .
6 .3 .3 .  The in f lu e n c e  o f  added n i t r o g e n  on th e  r e s p i r a to r y
re sp o n se  o f  d i f f e r e n t  l i t t e r s
T here  h a s  been  no r e l a t i o n s h ip  found betw een th e  
l i t t e r  o rg a n ic  n i t r o g e n  c o n c e n tr a t io n ,  and e i t h e r  th e  
decay cau sed  by t e s t  fu n g i o r th e  r a t e  o f  l i t t e r  
r e s p i r a t i o n .  M oreover, in  th e  decay  s tu d ie s  r e p o r te d  in  
C h ap te r 5» n i t r o g e n  added to  a u to c la v e d  and in o c u la te d  
l i t t e r s  red u ce d  th e  decom position  o c c u r r in g  over a  40 
day p e r io d .  In  t h i s  p re s e n t s tu d y , th e  e f f e c t  o f  n i t r o g e n  
on th e  a c t i v i t y  o f  a  mixed m ic ro b ia l p o p u la tio n  has been  
exam ined by m easu ring  m ic ro b ia l r e s p i r a t i o n  fo llo w in g  th e  
a d d i t io n  o f n i t r o g e n  to  th e  l i t t e r .
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The l i t t e r s  ( F - la y e r  on ly ) were from  -
S i t e  8 : -  Mt. B u rr sand  t r a n s i t i o n a l
S i t e  2 s -  Nangwarry sand  -  W andilo sand  t r a n s i t i o n a l
S i t e  1s— Nangwarry sand
ü i t e  M t, B u rr sand
S i t e  6 ; -  Mt, B u rr sand .
The g e n e ra l  p ro ced u res  d e s c r ib e d  e a r l i e r  were
fo llo w e d . H owever, in s te a d  o f  re m o is te n in g  th e  a i r  d r ie d
l i t t e r s  w ith  5 ml o f  w a te r , 4 ml were i n i t i a l l y  added and a
f u r th e r  1 ml c o n ta in in g  1$ n i t ro g e n  (a s  NH NO,) was added
4 i
a f t e r  r e s p i r a t i o n  r a t e s  had e q u i l ib r a t e d  over 25 h o u rs . The 
c o n c e n tra t io n  o f  1$ n i t ro g e n  was u sed  a f t e r  p re l im in a ry  t r i a l s  
showed no re sp o n se  to  a d d i t io n s  o f  0 .5 $  n i t r o g e n .
The r e s u l t s  a r e  shown in  T ab le  6 .4  and a re  e x p re sse d  
as  r e s p i r a t i o n  r a t e s  a t  6 and 19 h o u rs  a f t e r  th e  a d d i t io n  o f  
n i t r o g e n .
The a d d i t io n  o f  1$ n it ro g e n  cau sed  a  r e d u c t io n  in  
th e  r a t e  o f  r e s p i r a t i o n  and th e  e f f e c t  in c re a s e d  as  
in c u b a tio n  c o n tin u e d . Thus th e  a d d i t io n  o f  n i t ro g e n  to  th e  
S i t e  8 l i t t e r  cau sed  a  r e d u c t io n  in  r e s p i r a t i o n  from  100 | i l  
O ^/hr to  81 jal O ^/hr o f  oxygen a f t e r  6 h o u rs  in c u b a tio n . 
A f te r  19 h o u rs ,  th e  a d d i t io n  o f  n i t r o g e n  had reduced  
r e s p i r a t i o n  from 88 jul oxygen in  th e  S i t e  8 c o n t ro l  
l i t t e r s  to  $6  jul oxygen th e  t r e a t e d  l i t t e r s .  S im ila r  
r e d u c t io n s  in  m ic ro b ia l a c t i v i t y  were o b serv ed  in  a l l  l i t t e r s .
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TABLE 6.4« R e s p ira t io n  (p.1 O ^/gm /hr) a f t e r  ad d in g  n i t r o g e n  
to  F - la y e r  l i t t e r .  D u p lic a te  m easurem ents shown 
w ith  mean v a lu e s .
S i t e 8 2 1 5 6
S o i l  T r a n s i t io n a l T r a n s i t io n a l Sand Sand Sand
(a )  6 h o u rs a f t e r  tre a tm e n t
C o n tro l
105 85 74 62 65
_ ? i 2§ 88 51 52
100 91 81 59 62
N added
74 74 81 53 42
82 62 M 32 21
81 71 82 46 47
(b ) 19 ho u rs a f t e r  tre a tm e n t
C o n tro l 90 104 85 64 57
86 J 22 i i 51
88 97 81 58 57
N added
53 70 76 45 48
60 62 12 i i 33
56 66 73 43 40
A n a ly s is  o f  v a r ia n c e
S ig n if ic a n c e  
L.S .Do P < 5%
6 hours
T rea tm en t l i t t e r s
* * * * * *
1 9 hours
Treatment Litters
* * * * * *
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T h is  in h ib i t i o n  o f m ic ro b ia l a c t i v i t y  has a lso  been 
observed i n  F - l i t t e r  by V iro  (1963) and. i s  s im ila r  to  th a t  
■observed in  th e  decay s tu d ie s  (C hapter 5) when n itro g e n  was 
added to  l i t t e r  in o c u la te d  w ith  a  t e s t  fun g u s, As suggested  
th en , th e  e f f e c t  may be due to  to x ic  c o n c e n tra tio n s  o f  
NH^  NOy or to  a reduced pH fo llow ing  tre a tm e n t. However, 
F r ie d e l  and A tt iw e ll  (1968) found la rg e r  co n ce n tra tio n s  o f 
n itro g e n  added in  th e  same form (M  HD.) s tim u la te d  m ic ro b ia l
4 i
a c t i v i t y  in  L -lay e r l i t t e r  from P , r a d ia ta  f o r e s ts  in  South 
A u s t r a l ia ,  W hatever th e  cause of the  dep ressed  r e s p i r a t io n  
o f th e  F - la y e r  l i t t e r s  fo llo w in g  th e  a d d it io n  of n itro g e n , 
the  r e s u l t s  suggest th e  r e l a t i v e  a v a i l a b i l i t y  o f l i t t e r  
n itro g e n  may n o t be a  f a c to r  l im it in g  m ic ro b ia l a c t i v i t y  in  
th ese  p a r t i c u la r  s u b s t r a te s ,
6 ,3 .4*  L i t t e r  r e s p i r a t io n  fo llo w in g  th e  a d d it io n  of g lucose
The r e s p i r a to r y  q u o tie n ts  fo r  th e  L and F - l i t t e r  
la y e rs  su g g es t th e  m ic ro b ia l s u b s tr a te  u t i l i z e d  in  each may 
be d i f f e r e n t .  In  th e  L - l i t t e r s ,  ca rb ohydrates  may provide 
th e  main energy so u rce , w h ile  in  th e  F - l i t t e r s ,  muoh o f th e  
re a d i ly  a v a i la b le  ca rb o h y d ra tes  may have been u t i l i s e d  and 
o th e r su b stan ces  may a c t  a s  energy sources fo r  th e  m ic ro b ia l 
p o p u la tio n .
In  th e  s tu d y  o f th e  l i t t e r  decom position (C hapter 5) 
th e  a d d it io n  o f g lucose  as  an energy sou rce  had no 
a p p re c ia b le  in flu en c e  on th e  decay r a t e  o f L o r F - l i t t e r s  
i r r e s p e c t iv e  o f w hether t e s t  fu n g i o r ind igenous micro­
organisms were p re s e n t .  In  th e se  w e ig h t- lo ss  s tu d ie s ,
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decay was measured over a number of weeks. Given the 
probable difference in the amounts of energy available in 
the different litters layers, the results were unexpected.
In the following respiration study, the influence of added 
glucose is measured again, but in this case, the microbial 
respiratory response is measured in the period immediately 
following treatment.
The general procedures for measuring respiration 
described earlier were followed. However, instead of 
wetting the air dried litter with 5m3-s of water at the 
commencement, 4ml were added and the litters were allowed 
to equilibrate over 25 hours, i.e. to reach a relatively 
stable respiration rate. Subsequently a further 1ml 
containing 1%  glucose (w/v) was added and the respiration 
measured until the conclusion of the experiment at 'JO hours. 
An initial trial showed respiration increased with 
increasing glucose concentrations, but as a response was 
obtained with 1^, this was regarded as adequate for the 
experimental objectives. For each litter, control (water 
only) measurements were also made. The respiratory response 
to glucose has been calculated by subtracting the 
respiration in the control litters from that in the treated 
litters.
Two groups of F-layer litters were used:
(i) Littors from stands on sand podsol soils,
SQII and SQV aged 20, 30 and 40 years.
(ii) Litters from stands on different soil types
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S i t e  8 : -  
S i t e  21-  
S i t e  1 2 — 
S i t e  52-  
S i t e  6 s -
Mt. B u rr sand  t r a n s i t i o n a l  
Nangwarry sand  -  W andilo sand  
Nangwarry sand  
Mt. B urr sand  
Mt, B u rr sand
In  a d d i t io n ,  L - l i t t e r s  from SQ II 30 y e a r ,  and 
SQV 20 y e a r  s ta n d s  were a l s o  t r e a t e d .
D u p lic a te  sam ples were u sed  f o r  each  l i t t e r .  The 
r e s u l t s  a re  shown in  F ig .  6 .4  and 6 .5 .
L - la y e r  l i t t e r s : R e s p ir a t io n  r a t e s  in  b o th  th e
L - l i t t e r s  w ere s t r o n g ly  in c re a s e d  by added g lu c o se . The 
re sp o n se  was r a p id ,  b u t a f t e r  re a c h in g  a peak w ith in  a  few 
h o u rs  o f  t r e a tm e n t ,  th e  r e s p i r a t i o n  r a t e  d e c re a se d  slo w ly  
and re a c h e d  th e  p re - tr e a tm e n t  l e v e l  a f t e r  20-25 hours 
( F ig .  6 . 4 ) i . e .  th e r e  was no lo n g  te rm  s t im u la t io n  o f 
r e s p i r a t i o n .  The maximum r a t e s  o f  r e s p i r a t i o n  m easured one 
hou r a f t e r  t r e a tm e n t were abou t 100 j i l  O ^ /h r. g r e a t e r  th a n  
th e  c o n t ro l  l i t t e r s .
F - la y e r  l i t t e r s : The g e n e ra l p a t t e r n  o f
r e s p i r a t i o n  in  th e  F - l i t t e r s  fo llo w in g  tre a tm e n t was s im i la r  
to  t h a t  o b se rv ed  in  th e  L - l i t t e r s ,  R e s p ir a t io n  in c re a s e d  
ra p ic tly  soon a f t e r  tre a tm e n t b u t d e c re a se d  a g a in  w ith in  a  
few h o u rs  and th e r e  was no r e s id u a l  e f f e c t  o f  tr e a tm e n t by 
20-25 h o u rs .  T hat i s ,  th e r e  was no lo n g -te rm  s t im u la t io n  
o f  th e  in d ig en o u s  m icro -o rgan ism s by th e  a d d i t io n  o f 
energy  in  t h i s  form . T his r a p id  u t i l i s a t i o n  o f  g lu c o se  
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■the p re v io u s  decay s tu d ie s  (C h ap te r 5) where th e  e f f e c t  o f 
g lu c o se  on th e  p a t t e r n  o f w eight lo s s  was m easured over 40 
days o r m ore.
Among th e  l i t t e r s  from th e  sand  dune s o i l s , th o se  
from  th e  SQV s ta n d s  e x h ib i te d  th e  l a r g e s t  i n i t i a l  re sp o n se  to  
g lu c o se  a d d i t io n s .  W ith in  one hou r o f t r e a tm e n t ,  th e  
r e s p i r a t i o n  r a t e s  o f  th e  SQV l i t t e r s  ran g ed  betw een 120 
p i  O ^ /h r. and 160 p i  O ^ /h r. In  th e  SQII l i t t e r s  a f t e r  th e  
same tim e  p e r io d ,  r e s p i r a t i o n  v a r ie d  betw een 90 p i  O ^ /h r. an<  ^
120 p i  O ^ /h r. The subseq u en t r e s p i r a t i o n  p a t te r n s  a ls o  
d i f f e r e d .  The r e s p i r a t i o n  r a t e s  in  th e  SQV l i t t e r s  
d e c re a se d  s h a rp ly  from th e  i n i t i a l  peak b u t r e s p i r a t i o n  in  
th e  SQII l i t t e r s  rem ained  more o r l e s s  c o n s ta n t f o r  abou t 5 
h o u rs  b e fo re  d e c re a s in g  (F ig .  6 .4 b ) ,
In  th e  F ~ l i t t e r s  from th e  SQII s ta n d s  on 
d i f f e r e n t  s o i l  p r o f i l e s ,  th e  tim e  re sp o n se  p a t te r n s  fo llo w in g  
th e  a d d i t io n  o f  g lu c o se  were s im i la r  to  th o s e  o f  th e  F - l i t t e r s  
d e s c r ib e d  above . F o llo w in g  tr e a tm e n t ,  r e s p i r a t i o n  in c re a s e d  
r a p id ly  b u t began  to  d e c re a se  a g a in  w ith in  a  fexv h o u rs  and 
reac h ed  th e  b a s a l  r e s p i r a t i o n  r a t e  o f  th e  c o n t ro l  l i t t e r s
-f O H 0  I v\  J  f l S *
w ith in  20-30 h o u rs  (F ig .  6 . 5)» Peak r e s p i r a t i o n  r a t e s  were 
s im i l a r ,  and one h ou r a f t e r  t r e a tm e n t ,  v a r ie d  betw een 110 
and 140 p i  O ^ /h r. The g r e a t e s t  re sp o n se  was o b ta in e d  in  th e  
l i t t e r s  from  th e  two sand  podso l s i t e s  w ith  th e  h e a v ie s t  
l i t t e r  a c c u m u la tio n s  ( i . e .  S i t e s  5 and 6) w h ile  s m a lle r  
re sp o n se s  were re c o rd e d  fo r  th e  e th e r  l i t t e r s  from th e  
sand  and t r a n s i t i o n a l  s o i l  s i t e s  h av in g  s m a lle r  l i t t e r  
a ccu m u la tio n s  ( i . o .  S i t e s  1 , 2 and 8 ) .  When th e s e  re sp o n se s
—  161 —
are considered relative to the respiration rates of the 
respective untreated litters, the proportional response of 
litters from the sand podsol sites is even greater,
A distinction can also be made between litters 
from the different soil profiles on the basis of the duration 
of the response to treatment. Thus respiration rates of 
litter from the two Mt. Burr sand sites (Sites 5 an(i 6) 
decreased more slowly and reached the basal (untreated) 
rate later than respiration in the other litters from the 
transitional soils (i„c. Sites 2 and 8).
These patterns of respiration suggest energy is 
one factor limiting microbial activity, and hence the 
decomposition rate,in all litters. The greater response 
to glucose of litters from sites with heavy litter 
accumulations (i.e. sand podsol soils), even in the absence 
of added nutrients, suggests the availability of energy is 
more limiting in litters from sand podsol soils than in those 
at transitional soil sites. The fact that a major response 
to glucose could be obtained without adding extra nutrients 
suggests that microbial energy is more limiting than 
nutrients and differences in the availability of microbial 
energy may play a large role in the pattern of accumulation 
and type (mull or mor) of litter layer found.
)
-  162 ~
6.3*5* Respiration in stored, litter
The patterns of response to added glucose suggested 
that the availability of energy limits microbial activity, 
particularly in the mor-forming litters with the larger 
litter accumulations. It seemed that additional support 
for this hypothesis might be obtained by examining the 
respiration of litters after a lengthy period of air-dry 
storage. Studies on stored forest soils have shown that the 
longer a soil is kept in an air dry state, the greater is 
the amount of water soluble organic material that can be 
extracted from it, and the greater is the amount of carbon 
and nitrogen mineralised on re-wetting (Stevenson 1957, Birch
1958,1959).
Respiration rates were measured in two of the 
P-litters showing large contrasts in litter accumulation in 
the field (Table 2.8) and in basal respiration rates when 
freshly collected (Fig. 6.3). Measurements were made after 
24 months air dry storage in air tight containers. These 
litters were from:
(i) Site 2:- Nangwarry sand - Wandilo sand 
transitional
(ii) Site 5»- Mt. Burr sandc 
Experimental procedures were similar to those described 
previously. Six replications of each litter were used.
In the stored litters, respiration rates increased 
slowly to a peak after about 20 hours (Fig. 6.6) whereas in 
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b e g in n in g  o f  th e  p e r io d  (F ig ,  6 ,2 ) ,  When m easured a t  21 
h o u rs ,  g r e a te r  r e s p i r a t i o n  was re c o rd e d  in  th e  l i t t e r  from 
th e  Nangwarry sand-W andilo  sand t r a n s i t i o n a l  s i t e  th a n  in  th e  
l i t t e r  from th e  Mt, B u rr sand  s i t e .  However a t  30 h o u rs , 
r e s p i r a t i o n  r a t e s  in  th e  two l i t t e r s  were s im i la r  and by 45 
h o u rs ,  th e  le v e l  o f  r e s p i r a t i o n  in  th e  t r a n s i t i o n a l  s o i l  
l i t t e r  had d e c re a se d  s i g n i f i c a n t l y  below  t h a t  in  th e  Mt.
B u rr sand  l i t t e r .  A f te r  45 h o u rs , th e  r e s p i r a t i o n  cu rv es  
b e g in  to  converge  a g a in  a lth o u g h  th e y  had n o t c ro s s e d  a t  
120 h o u rs .
When t h i s  r e l a t i o n s h ip  betw een th e  two s to r e d  l i t t e r s  
i s  com pared w ith  t h a t  betw een th e  same two l i t t e r s  when f r e s h  
( F ig .  6 .2 ) ,  s to r a g e  i s  seen  to  have p roduced  a  g r e a te r  
re sp o n se  in  th e  M t. B u rr sand  l i t t e r  (h a v in g  a  la rg e  l i t t e r  
accu m u la tio n  in  th e  f i e l d  ) th a n  in  th e  Nangwarry sand  -  
W andilo sand  t r a n s i t i o n a l  (w ith  a sm a ll l i t t e r  accu m u la tio n  
in  th e  f i e l d ) .  T h is  d i f f e r e n t i a l  re sp o n se  i s  s im i la r  to  t h a t  
o b ta in e d  when g lu c o se  was added to  f r e s h  l i t t e r s .  I t  s u g g e s ts  
a d d i t io n a l  m ic ro b ia l  energy  has become a v a i la b le  as a  r e s u l t  
o f  s to ra g e  and s u p p o r ts  th e  h y p o th e s is  t h a t  th e  a v a i l a b i l i t y  
o f  energy  l i m i t s  m ic ro b ia l a c t i v i t y  (and  hence f i e l d  
decom position ) more in  th e  Mt. B u rr sand  l i t t e r  th a n  in  th e  
l i t t e r  from th e  t r a n s i t i o n a l  s o i l  ( S i t e  2 ) .
The r e s p e c t iv e  r e s p i r a t i o n  p a t te r n s  a l s o  su p p o rt th e  
h y p o th e s is  t h a t  th e  a v a i l a b i l i t y  o f  m ic ro b ia l energy  in  th e s e  
F - l i t t e r s  l i m i t s  d eco m p o sitio n  (an d  hence in f lu e n c e s  f i e l d  
accum ula tion ) more th a n  th e  a v a i l a b i l i t y  o f n i t r o g e n .  The 
n it ro g e n  c o n c e n tra t io n  o f  th e  S i t e  2 l i t t e r  (N angw arry-
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W andilo sand  - t r a n s i t io n a l )  was 3 * 5 and th e  n i t ro g e n  
c o n c e n tr a t io n  o f  th e  S i t e  5 l i t t e r  (M t. B u rr sand) was 2 .8 $  
Y et th e  r e s p i r a t i o n  r a t e  in  th e  S i t e  5 l i t t e r  exceeded  th a t  
in  th e  S i t e  2 l i t t e r  ov er much o f  th e  120 hour in c u b a tio n  
p e r io d .  Once a d d i t io n a l  energy  becomes a v a i l a b l e ,  fo llo w in g  
s to r a g e ,  th e  low er n i t ro g e n  c o n c e n tra t io n  o f  th e  Mt. B u rr 
sand  l i t t e r  ( S i t e  5) i s  a p p a re n tly  n o t a  f a c to r  l i m i t in g  
m ic ro b ia l  a c t i v i t y  in  t h i s  l i t t e r .
6 .4  DISCUSSION
The main c o n c lu s io n s  from th e s e  s tu d ie s  on l i t t e r  
r e s p i r a t i o n  r e l a t e  t o ;
( i )  th e  r a t e s  o f  r e s p i r a t i o n  in  th e  s e r i e s  o f  L and 
F - l i t t e r s  exam ined; and
( i i )  m ic ro b ia l energy  as  a m ajor f a c t o r  l im i t in g
r e s p i r a t i o n  end co n seq u en tly  th e  r a t e  o f  l i t t e r  
d eco m p o sitio n  in  th e  f i e l d .
6 .4 .1 .  R e sp ir a t i o n  r a te s  in  P. r a d i a t a  l i t t e r s
The r e l a t i o n s h ip s  betw een th e  r e s p i r a t i o n  r a t e s  o f 
th e  l i t t e r s  exam ined a re  b ro a d ly  s im i la r  to  th e  r e l a t i o n ­
s h ip s  betw een  th e  decay r a t e s  o f  th e  same l i t t e r s  examined 
in  C h ap te r 5« W ith in  th e  s e r i e s  o f  l i t t e r s  on sand  dune 
d e r iv e d  s o i l s  ( a l l  m or-type l i t t e r s ) , r e s p i r a t i o n  r a t e s  
o f  SQII l i t t e r s  w ere no g r e a te r  th a n  r e s p i r a t i o n  r a t e s  
o f  SQV l i t t e r s  d e s p i te  th e  la r g e r  n i t ro g e n  c o n c e n tra t io n s
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in the former, (This does not apply to the younger I— layer 
litters - 10 and 20 year old stands^ or the youngest F-layer 
litter from the 10 year old stand,).
However, when respiration was examined in litters 
from a number of sites with litter accumulations ranging 
from large to small (large accumulation, mor-type; small 
accumulation, mull-type), respiration was greatest in the 
mull-type litters i.e. respiration rates were greater in 
litters from transitional soil sites than in litters from 
sand podsol sites. When all litters from stands 30 years 
old and over are considered, litter respiration rate is 
directly related to the pattern of field accumulation.
In all respects the litter accumulation - litter 
respiration patterns are very similar to the accumulation 
- decomposition patterns. It is evident therefore that 
differences in the litter of P, radiata as a microbial 
substrate, even within one region, could play a large role 
in determining differences in the accumulation of litter on 
the forest floor.
It is not possible to state at this stage however, 
what significance other factors may have in determining 
these differences in litter accumulation. For instance 9 
differences in the micro-environment at the forest floor 
may influence the rate of microbial activity and in several 
of the studies of decomposition there has been some 
evidence suggesting an inhibitory substance could be 
responsible for the slow ratc-s of breakdown of some
-  166 -
l i t t e r s .  These p o s s i b i l i t i e s  a re  exam ined f u r th e r  in  
C h ap te r 7 end 8 . I t  a ls o  rem ains to  be d e te rm in ed  w hether 
th e  a c t i v i t i e s  o f  l i t t e r  fau n a  a re  a m ajor in f lu e n c e  on th e  
f i e l d  ac c u m u la tio n s . An e x p lo ra to ry  s tu d y  o f  l i t t e r  fauna  
p o p u la tio n s  in  two c o n t r a s t in g  s i t e s  i s  r e p o r te d  in  
C h ap te r  9*
6 .4 * 2 . M ic ro b ia l energy  so u rce
The L - la y e r  l i t t e r s  o f  P„ r a d i a t a  a re  a  much more 
fa v o u ra b le  s u b s t r a te  f o r  m ic ro b ia l a c t i v i t y  th a n  F - la y e r  
l i t t e r s ,  d e s p i t e  g r e a te r  c o n c e n tra t io n s  o f  n i t ro g e n  in  
F - la y e r  l i t t e r s .  S im ila r  r e s u l t s  have been re c o rd e d  by 
P a rk in so n  and Coups (1963) f o r  th e  l i t t e r  o f  P. s y l v e s t r i s .  
M easurem ents o f  RQ, v a lu e s  su g g e s te d  c a rb o h y d ra te s  a re  
u t i l i s e d  in  L - la y e r  l i t t e r s  b u t  th a t  c a rb o h y d ra te s  a re  lo s s  
a v a i la b l e  in  th e  F - la y e r  l i t t e r ,  and presum ably  o th e r  
m a te r ia ls  a re  u sed  as  energy  s o u rc e s .
S e v e ra l  f a c to r s  may be r e s p o n s ib le  f o r  t h i s  red u ced  
a v a i l a b i l i t y .  Sowden and Iv a rso n  ( 1962 ) found 20 p e rc e n t o f  
th e  ca rb o n  i n i t i a l l y  p re s e n t  in  f r e s h  l i t t e r  o c c u rre d  as 
r e a d i ly  a v a i l a b l e  c a rb o h y d ra te s . A f te r  1200 days 
d eco m p o sitio n  t h i s  p ro p o r tio n  was red u ce d  to  10 p e rc e n t 
o f  th e  t o t a l .  They su g g e s te d  o th e r  m a te r i a l s ,  "p resum ab ly  
humic s u b s ta n c e s " , were s y n th e s is e d  o r accum ula ted  which 
were r e s i s t a n t  to  f u r th e r  d eco m p o sitio n . A l te r n a t iv e ly ,  
a s  su g g e s te d  p re v io u s ly ,  l e a f  com ponents may be  com plexed 
o r  c o a te d  w ith  l e a f  p o ly p h e n o ls , th e re b y  becom ing l e s s
a v a i la b l e  io  m ic ro -o rg an ism s. By th e  tim e  l i t t e r s  re a c h  
th e  F - la y e r ,  most o f t h i s  ta n n in g  p ro c e ss  may b e  com plete 
(C oulson e t  a l .  1960).
W ith in  th e  F - la y c r  l i t t e r ,  th e  main f a c to r  c o n t r ib u t in g  
to  a  slow  deco m p o sitio n  i s  p ro b ab ly  th e  d e f ic ie n c y  o f  a r e a d i ly  
a v a i la b le  carbon  energy  so u rc e . E v idence f o r  t h i s  i s  soon 
in  th e  fo llo w in g *
( i )  The n e t t  re sp o n se  to  g lu c o se  a d d i t io n  was s l i g h t l y  
g r e a t e r  in  th e  F - la y e r  l i t t e r s  th a n  in  th e  L - la y e r  
l i t t e r s  and th e  p r o p o r t io n a l  re sp o n se  to  energy  
a d d i t io n s  ( i . c .  r e l a t i v e  to  u n tr e a te d  l i t t e r s )  
was even g r e a t e r .
( i i )  W ith in  th e  F - la y e r  l i t t e r s ,  g r e a te r  re sp o n se s  to  
added  g lu c o se  were o b ta in e d  in  l i t t e r s  h av in g  th e  
g r e a t e s t  f i e l d  accu m u la tio n s  and low est b a s a l  
r e s p i r a t i o n  r a t e s  ( i . e .  in  u n tr e a te d  l i t t e r s ) ,
( i i i )  F o llo w in g  a i r  d r ie d  s to r a g e ,  when m ic ro b ia l
energy  may become more a v a i l a b l e ,  th e  g r e a te r  
r e l a t i v e  in c re a s e  in  r e s p i r a t i o n  was in  th e  
l i t t e r  h av in g  th e  low er r a t e  when f r e s h ly  
c o l l e c t e d .
In  c o n t r a s t ,  decom position  o f f r e s h  L ~ l i t t e r s  i s  
p ro b ab ly  l e s s  l im i te d  by a  la c k  o f  a v a i la b le  e n e rg y , th a n  by
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an inadequacy  o f  a v a i la b le  n i t ro g e n
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CHAPTER 7
FIELD STUDIES OF LITTER DECOMPOSITION 
7.1 INTRODUCTION
In  th e  p rev io u s  c h a p te r s ,  la b o ra to ry  in v e s t ig a t io n s  
su g g e s te d  c l e a r  d i f f e r e n c e s  o ccu rred  betw een v a r io u s  l i t t e r s  
a s  s u b s t r a t e s  f o r  m ic ro -o rg a n ism s . A lthough  th e  d i f f e r e n c e s  
in  th e  r a t e s  o f  fu n g a l d eco m p o sitio n  and r e s p i r a t i o n  in  th e  
v a r io u s  l i t t e r s  w ere c o r r e la te d  w ith  th e  p a t te r n s  o f 
acc u m u la tio n  o f  th e  same l i t t e r s  in  th e  f i e l d ,  i t  i s  n o t 
c l e a r  w h eth er l i t t e r  d eco m p o sitio n  by a  m ixed p o p u la tio n  o f 
decom poser organ ism s in  th e  f i e l d  n e c e s s a r i ly  resem b les  th e  
p a t te r n s  o b serv ed  in  la b o ra to ry  experim en ts  w ith  s in g le  t e s t  
f u n g i .  In  a d d i t io n ,  i t  i s  a l s o  p o s s ib le  t h a t  d i f f e r e n c e s  in  
s ta n d  m ic ro -en v iro n m en ts  may a l t e r  th e  r e l a t io n s h ip s  o b se rv e d . 
The amount o f  l i t t e r  accum ula ted  c o u ld , in  f a c t ,  be th e  n e t t  
r e s u l t  o f  a  number o f  i n t e r a c t i n g  r e l a t i o n s h ip s  r a th e r  th a n  
th e  s im p le  d i r e c t  r e l a t i o n s h ip  betw een acc u m u la tio n  and th e  
n a tu re  o f  th e  l i t t e r  as  a  fu n g a l s u b s t r a t e .
L i t t e r  d eco m p o sitio n  in  th e  f i e l d  may be s tu d ie d  by 
m easu ring  th e  w eig h t lo s s  o f  a  sam ple o f l i t t e r  added to  th e  
o rg an ic  m a t te r  on th e  f o r e s t  f l o o r .  (M ikola 1954» Shanks and 
O lson 1961, G ilb e r t  and Bocock 1962, H eath  e t  a l .  1966). 
Changes in  th e  w eigh t o f a  l i t t e r  sam ple can  be r e a d i ly  
fo llo w ed  in  la b o ra to r y  s tu d ie s  b u t th e  i s o l a t i o n  o f  a
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p a r t i c u l a r  sam ple in  th e  f i e l d  i s  more d i f f i c u l t .  I n  some 
s tu d ie s ,  p l a s t i c  mesh hags o f  v a r io u s  ty p e s  have been used  
to  a llow  th e  m a te r ia l  to  be r e t r i e v e d  a f t e r  exposure (Edwards 
and H eath  1963, Bccock 1964) •  T his te c h n iq u e  has proved 
u s e fu l  a l th o u g h  c a re  i s  n e c e s sa ry  in  ch o o sin g  an a p p ro p r ia te  
bag mesh s i z e .  I f  th e  mesh i s  too  f i n e ,  th e  in f lu e n c e  o f 
th e  f o r e s t  f lo o r  m icro -env ironm en t on b io lo g ic a l  a c t i v i t y  
w ith in  th e  bag may be masked and some l a r g e r  l i t t e r  fau n a  may 
be e x c lu d ed . I f  th e  mesh s i z e  i s  too  l a r g e ,  l i t t e r  frag m en ts  
may be l o s t  when th e  bags a r e  r e t r i e v e d .  From th e  work o f 
C urry  ( 1969) ,  a  mesh s iz e  betw een 0.003mm and 7^m may be 
an a p p ro p r ia te  compromise f o r  many s tu d i e s .
An a l t e r n a t i v e  method i s  to  u se  s in g le  le a v e s  anchored  
by sm all s t r i n g s ,  th e re b y  le a v in g  th e  w hole l e a f  a c c e s s ib le  to  
th e  s o i l  and l i t t e r  b io t a .  Woodwell and M arples (1968) 
concluded  th e r e  was l i t t l e  d i f f e r e n c e  betw een t h i s  and th e  
mesh bag te c h n iq u e . However, th e  method may n o t be v e ry  
s u i t a b le  f o r  p in e  n e e d le s  a s  la rg e  undecayed  segm ents may be 
l o s t  d u r in g  r e t r i e v a l .
I n  t h i s  c h a p te r ,  th e  r e l a t i v e  im p o rtan ce  o f
(a )  th e  l i t t e r ,  and
(b ) th e  s ta n d  m icro -env ironm en t ( in c lu d in g  s ta n d  
m ic ro -c lim a te  and l i t t e r  b io ta )  to  l i t t e r  
d eco m p o sitio n  in  th e  f i e l d  a re  com pared.
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In addition, the effect of the application of several 
nutrients on litter decay in the field is examined in a study 




Litter collections for each study were made of freshly 
fallen needles on the surface of the litter layer. Only those 
retaining a bright yellowish colour were collected in an effort 
to commence the studies with relatively undecomposed material. 
At each site, 20 samples were collected, bulked, and air 
dried.
Samples of the litters (4 gm) were weighed into nylon 
bags, approximately 10cm x 15cm in size, with a mesh size 
of 2mm and the bags were loosely sealed with several wire 
staples. The mesh size used was a compromise between that 
necessary for adequate penetration by fauna and that 
required to retain litter fragmented after several years 
decomposition. Although some litter fauna could have been 
prevented from entering the bags through the mesh, there 
were ample openings for entry at the sides of the bags• 
Samples of the air dried litters were also oven dried (80°C) 
to determine the oven dry equivalent weights of the litters 
added to the bags.
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The bags w ere random ly d i s t r i b u t e d  ov er abou t 100 f t  
sq u a re  a t  each  s i t e  and f ix e d  in  p la c e  w ith  a  w ire  p in .  S ix  
r e p l i c a t e s  o f  each l i t t e r  w ere used  f o r  each  tre a tm e n t and 
r e t r i e v a l  tim e . When c o l le c te d ,  th e  o u ts id e s  o f  th e  bags 
w ere c a r e f u l ly  c le a n e d . The bags were oven d r ie d  (80°C) and 
th e  lo s s  in  w eigh t c a lc u la te d .  The r e s u l t s  a re  ex p ressed  as 
th e  p e rc e n ta g e  o f  th e  o r ig i n a l  w eigh t rem a in in g  a f t e r  e x p o su re . 
In  b o th  s tu d i e s ,  a n a ly se s  w ere perform ed on tran sfo rm ed  
( a r c s in e )  d a ta  a f t e r  t e s t s  showed th e  v a r ia n c e s  o f  th e  
u n tra n s fo rm e d  d a ta  w ere non-homogenous •
7 -2 .2  D ecom position  o f  l i t t e r s  a t  d i f f e r e n t  s i t e s
Sam ples o f  L - l i t t e r s  from th e  20 y e a r - o ld  SQ,II s ta n d  
on a  meadow podso l and th e  20 y e a r -o ld  SQV s ta n d  on a  M t,
B urr sand  ( i . e .  S i t e s  16 and 19; n i t r o g e n  c o n te n ts  o f 1.327? 
and O.9670 r e s p e c t iv e ly )  w ere d i s t r i b u t e d  a t  th e  fo llo w in g  
6 s i t e s s -
SQ II s ta n d s  -  age 20, 30 and 40 y e a rs  ( i . e .  S i te s  16,
4,17)
SQV s ta n d s  -  age 20 , 30 and 40 y e a rs  ( i . e .  S i t e s  19?
2 0 , 21)
The s ta n d  d if f e r e n c e s  in  s i t e  q u a l i t y  and age were 
a s s o c ia te d  w ith  la r g e  d i f f e r e n c e s  in  s ta n d  m ic ro -c lim a te s ;  
you n g er, b e t t e r  s i t e  q u a l i ty  s ta n d s  had dense  heavy 
can o p ies  ( e . g .  S Q II, 20 y e a r  o ld  s ta n d )  and o th e rs  had
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s p a r s e r  can o p ie s  a l lo w in g  more r a d i a t i o n  to  re a c h  th e  f o r e s t  
f lo o r  ( e .g .  SQY, 30 y e a r  o ld  s ta n d ) .  The d ep th  and w eigh t o f  
l i t t e r  a t  each  s i t e  w ere q u i te  d i f f e r e n t  ( s e e  T ab le  2 ,5 )»  The 
l i t t e r s  w ere p la c e d  on th e  s u r fa c e  o f  th e  l i t t e r  la y e r s  and 
f ix e d  by w ire  p eg s . The experim ent was e s ta b l i s h e d ,  
im m ed ia te ly  a f t e r  th e  l i t t e r  c o l l e c t io n ,  in  May 1968,
Sam ples w ere r e t r i e v e d  over th e  fo llo w in g  31 months a t  
p e r io d ic  i n t e r v a l s  (7 ,  12 , 20 and 31 m o n th s). S ix  r e p l i c a t e s  
o f each  l i t t e r  w ere u s u a l ly  removed a t  each  tim e . At s e v e r a l  
s i t e s  how ever, some bags w ere d is tu rb e d  a f t e r  12 m onths, and 
in  o rd e r  to  r e t a i n  a  f u l l  r e p l i c a t i o n  a t  31 m onths, an 
in c o m p le te  c o l l e c t io n  was made a t  20 m onths. The p e rc e n ta g e s  
o f  th e  o r i g i n a l  w e ig h ts  rem a in in g  a t  each  c o l l e c t io n  a r e  
ta b u la te d  in  T ab le  7*1( a ) ,  T ab le  7*1(b) and i l l u s t r a t e d  in  
F ig ,  7 .1 .
7 .2 ,3  Res u l t s
A co n tin u o u s  lo s s  o f  w eigh t was re c o rd e d  fo r  b o th  
SQII and SQ,7 l i t t e r s  a t  a l l  s i t e s ,  and by 31 m onths, betw een 
62^o and 71/° o f  th e  o r i g i n a l  w eight rem ained  (F ig . 7*1) For 
m ost l i t t e r - s i t e  co m b in a tio n s , th e  g r e a t e s t  lo s s  r a t e  o c c u rre d  
in  th e  f i r s t  12 m onths. The c o n d it io n  o f  th e  n e e d le s  changed 
d u r in g  th e  s tu d y  p e r io d  and became d a rk  and s tro n g ly  
d is c o lo u r e d .  Most w ere frag m en ted , and in  most b ag s , s t r o n g ly  
d ev e lo p ed  w efts  o f  m ycelium  were p r e s e n t .  Faunal f r a s s  was 























S T A N D  A G E
SITE QUALITY 2 SITES
4 O y r s  
2 0S Q 2  L I T T E R
S Q 5 L I T T E R
SITE QUALITY 5 SITES
4 0  y r s
MONTHS
F I G .  7 . 1 .  L ITTER  DECOM POSITION IN  THE F IE L D . T E S T  L IT T E R S  FROM S Q I I  AND SQV S IT E S  
EACH PLACED AT ( a )  S Q I I  STANDS AGED 2 0 ,  3 0  AND 4 0  Y EA RS, AND AT ( b )  SQV 
STANDS AGED 2 0 ,  3 0  AND 4 0  YEARS.
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TABLE 7.1 . Decay o f  l i t t e r  from SQII and SQV s ta n d s  ov er
31 months in  s ta n d s  o f  d i f f e r i n g  s i t e  q u a l i ty  and 
ag e . D ata in  p a re n th e se s  a re  tran sfo rm e d  
(a rc s in e )  d a t a .  D ecom position  ex p ressed  as 
p e rc e n ta g e  o f  o r ig in a l  w e ig h t rem a in in g .
S i t e SQ II s tan d SQV s ta n d
S tan d  age 20 30 40 20 30 40
(a )  L i t t e r  from SQII s ta n d
7 months 78 .8
(6 2 .7 0 )
9 1 .2
(7 2 .9 5 )
83 .2
(6 5 .8 9 )
86 .6
( 6 8 . 60)
9 3 .4
( 7 6 . 15 )
86 .8
(69 .59 )
12 m onths 73 .7
(59 .29 )
77 ,0  
(6 1 .3 6 )
75.1
( 6 0 . 26 )
78.5
( 6 2 . 56)
6 9 .9
( 5 6 . 98 )
80 .0
(63 .62)
20 months 72 .3  
( -  )
76 .9  
( -  )
7 0 .5  
( -  )
67 .3  
( -  ) ( :  ) ( :  )
31 m onths 66 .8
(54 .8 8 )
65 .8
(5 4 .4 0 )
6 5 .4




( 5 4 . 51 )
71 .3
(58 .04 )
(b) L i t t e r  from SQV s ta n d
7 m onths 88 .9
( 7 0 . 66 )
91 .4
(7 3 .3 7 )
8 8 .7








(6 2 .6 5 )
78 .7
(6 2 .6 3 )
7 9 .7




( 6 1 . 32 )
79 .9
(63-57)
20 months 76 .4  
( -  )
7 1 .8  
( -  )
7 1 .0  
( -  )
7 2 .8  
( -  ) ( -  ) ( -  )





(5 6 .9 8 )
6 1 .7
( 5 1 . 90)
62 .9
(5 2 .5 2 )
6 9 .0
( 5 6 . 18)
A n aly ses  o f  V arian ce  o f  tran sfo rm ed  d a ta  ( i n  p a re n th e se s )
( i )  7 months L .S .D .
S ig n if ic a n c e  P <  %  P <
L i t t e r 1 .85 2 .46
S i t e  q u a l i t y 1.85 2 .4 6
S tan d  age * - * - * 2 .2 7 3 .02
L i t t e r  x age * 3.21 -
.i)  12 months
L i t t e r * 2 .02 —
O th er d i f f e r e n c e s  n o t s ig n i f i c a n t  
( i i i )  31 months
No s i g n i f i c a n t  d i f f e r e n c e s
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I n i t i a l l y  d eco m p o sitio n  o f  th e  f r e s h  n eed le  l i t t e r  was 
in f lu e n c e d  by b o th  th e  n a tu re  o f  th e  l i t t e r  and th e  
m icro -en v iro n m en t a t  each  s i t e .  S u b se q u e n tly , th e  in f lu e n c e  
on th e  decay  r a t e  o f  th e  l i t t e r  m ic ro -en v iro n m en t, and th e n  
th e  l i t t e r  s u b s t r a t e  d i f f e r e n c e s  d is a p p e a re d .
( i )  The l i t t e r  s u b s t r a te s  In  th e  f i r s t  7 month p e r io d ,  
th e  SQ II l i t t e r  had decomposed s i g n i f i c a n t l y  f a s t e r  th a n  th a t  
from th e  SQV s ta n d  a t  each  s i t e  (P  0.1/4) a lth o u g h  th e  
v /e ight lo s s  d i f f e r e n c e s  were g e n e ra l ly  s m a ll .  Thus th e  
w eigh t re m a in in g  in  th e  SQII l i t t e r  v a r ie d  betw een 7 8 .8 $  and 
93 .4$  o v er th e  ra n g e  o f  t e s t  s i t e s ,  w h ile  th e  w eigh t o f  SQV 
l i t t e r  re m a in in g  ran g ed  betw een 8 8 .7 $  and 93 .2$  (T ab le  7 , 1 ) .  
These d i f f e r e n c e s  w ere m a in ta in ed  a t  12 m onths. At t h i s  
tim e th e  SQ II l i t t e r s  r e ta in e d  betw een 69*9$ and 8 0 .0 $ , and 
th e  SQV l i t t e r s ,  betw een  7 6 .4 $  and 79*9$ o f  th e  o r ig i n a l  
w e ig h t. T h e r e a f te r ,  th e  d i f f e r e n c e  in  decom position  betw een 
l i t t e r s  o f  d i f f e r e n t  o r ig in  was n o t s i g n i f i c a n t ,  i . e .  a t  20 
and 31 m onths th e  SQII l i t t e r  had l e s t  no more w eigh t th a n  
th e  SQV l i t t e r .
( i i )  The s i t e  m icro -env ironm en ts  The m icro ­
env ironm ent a t  each  s i t e  in f lu e n c e d  th e  d ecom position  b u t 
on ly  d u r in g  th e  e a r ly  p a r t  o f  th e  31 month p e r io d . D uring  
th e  f i r s t  7 months d eco m p o sitio n  was f a s t e r  a t  th e  SQII 
s i t e s  th a n  a t  th e  SQV s i t e s ;  a t  th e  SQ II s i t e s  betw een
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70 .8 $  and 91*4$ o f  th e  o r ig i n a l  w eig h t rem a in ed , w h ile  a t  SQV 
s i t e s ,  betw een 86 .6 $  and 93*4$ rem ained  (T ab le  7*1)»
S im i la r ly  d i f f e r e n c e s  in  s ta n d  age a ls o  in f lu e n c e d  d eco m p o sitio n  
d u r in g  t h i s  i n i t i a l  p e r io d  (P 0 .1 $ ) .  In  each  age sequence 
(SQ.II, SQV), m ost d ecom position  o c c u rre d  in  th e  20 and 40 y e a r -  
o ld  s ta n d s  and l e a s t  in  th e  30 y e a r -o ld  s ta n d .  Thus f o r  th e  
SQ II l i t t e r  on th e  th r e e  SQ II s i t e s ,  th e  p e rc e n ta g e  w e ig h ts  
re m a in in g  a t  th e  20, 30 and 40 y e a r -o ld  s ta n d s  were 7 8 .8 $ ,
9 1 .2 $  and 8 3 .2 $  r e s p e c t iv e l y .  The p a t t e r n  f o r  the  SQV s ta n d  
age sequences  was s im i la r .  ITo d if f e r e n c e s  in  w eigh t lo s s  due 
to  en v iro n m en ta l d i f f e r e n c e s  betw een s i t e s  w ere found in  
l i t t e r s  r e t r i e v e d  a f t e r  7 m onths, and by 31 m onths, th e  
w eig h t lo s s  was indep en d en t o f  b o th  d i f f e r e n c e s  in  l i t t e r  
o r ig i n  and s i t e .
7 .2 .4  L i t t e r  d ecom position  fo llo w in g  n u tr i t i o n  a d d it io n s  
The second f i e l d  experim ent was e s ta b l i s h e d  s e v e ra l  
days a f t e r  l i t t e r  c o l le c t io n s  were made in  June 1969# L i t t e r s  
w ere c o l l e c t e d  from a  s i t e  w ith  r a p id  o rg a n ic  m a tte r  
d e co m p o sitio n  ( S i te  2 % Nangwarry sand  -  W andilo sand 
t r a n s i t i o n a l  1 1 .71$  n it ro g e n )  and from  a  s i t e  w ith  a  heavy 
l i t t e r  a cc u m u la tio n  ( S i te  13s a  sh a llo w  t e r r a  ro s s a  s o i l ,
1 . 24$  n i t r o g e n ) .
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Bags containing these litters were placed at both 
sites. The niipro-alimatcs"of the two stands (both 30 years
old, SQII stands) were probably similar. However the texture 
of the surface soil at the two sites differed; Site 2 had a 
sandy surface soil horizon while Site 13 had a heavy textured 
profile. A thicker and heavier litter layer was found at 
Site 13 than at Site 2. Both sites differed from those in 
the previous study by having undergone the normal thinning 
operations for stands of this age.
Bags of litter were distributed at both sites in six 
blocks. Each block contained 5 plots corresponding to 5 
nutrient treatments, and each plot was split to take the two 
litters. In contrast to the first experiment, bags were 
buried under the L-layer at each site. The following 
nutrient treatments were applied?
( i) Nitrogen - added as (NH^^SO^ at the rate of 
4mg/gn of litter
( ii) Phosphorus - added as NaiyPO^ at the rate of 
5mg/gm litter
(iii) Potassium - added as KC1 at the rate of 5rag/gm 
litter
( iv) Calcium - as agricultural lime at the rate of 
1gm/gm litter
( v) Control - no nutrient addition
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Only one application of calcium was made. After the 
initial applications of nitrogen, phosphorus, and potassium, 
further half strength applications were made at the time of the 
periodic collections. These were added dissolved in tap water. 
Litters were retrieved after 3, 8, 12 and 19 months. The 
loss in weight was calculated and the results are illustrated 
in Fig. 7.2 and tabulated in Table 7*2(a) and Table 7»2(b).
7.2.5 Results
Difficulty was experienced in separating the lime 
treated litters from the lime particles and this treatment was 
omitted from the subsequent analysis. All other litters lost 
weight during the study period, and by 19 months between 67cfi> 
and 77/j of the original dry weight remained. The 
morphological changes to the litter were similar to those 
observed in the first experiment.
The loss of weight at each sample time was independent 
of site during the 19 month period, i.e. the litter weight 
loss was no greater on the small litter accumulation site 
(Nangwarry sand - Wandilo sand transitional) than on the 
heavier litter accumulation site (shallow terra rossa)• 
However, at 3 months, differences due to the litter material 
and nutrient treatments were both evident (significant at 
P 1/0 and P 0.1 /o respectively). The litter with the
higher nitrogen content and from the rapid organic matter 























Fig. 7 .2 .  L i t t e r  decomposit ion following the  a d d i t i o n  o f  n i t r o g e n .  
L i t t e r  from s i t e  13 ( l a r g e  accumulation) •  , ■
L i t t e r  from s i t e  2 (small accumula tion) O , O
(a)  Decomposition of  t e s t  l i t t e r s  at s i t e  13.
(b) Decomposition o f  t e s t  l e t t e r s  a t  s i t e  2.
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TABLE 7 .2 . Decay of l i t t e r s  from s i t e s  w ith  la rg e  and sm all 
l i t t e r  accum ulations. L i t t e r s  exposed a t  th e se  
same s i t e s  and t r e a te d  w ith  n itro g e n , phosphorus 
and po tassium . Decay expressed  as percen tage  of 
o r ig in a l  w eight rem ain ing . D ata in  pa ren th eses  
a re  transfo rm ed  (a rc s in e )  d a ta .
L i t t e r  o r ig in  S i t e  2
T reatm ent | Control  JT ____ P C ontro l
S i t e  13 
N P





91.5 87.8  90.2 89 .9
(7 3 .1 0 )(6 9 .6 0 )(7 1 .8 3 )(7 1 .5 4 )(7 3 .9 7 )(7 0 .3 6 )(7 3 .7 2 )(7 3 .0 6 )
84.3 79.3  84.4 85.4
(6 6 .69) (6 3 .0 1 ) (6 6 .78) ( 67.6 2 ) ( 67 .2 8 )(6 3 .4 8 )(6 5 .3 2 )(65. 04)
78.9 76 .4  78.8 77.2
73.3 69.7 73.9 74.9
92.3 88.6 91.8  91.4
85 .O 80.0 82.0  82.0
79.1 76.1 76 .7  78.9
( 62. 70) ( 61 .0 3 )(6 2 .6 5 )(61 . 48) (6 2 .8 3 ) (6 0 .7 8 ) (61 .21 )(62 .65 )
73.5 66.8 76.7  77.5
( 58. 91) ( 56. 65) ( 59. 36) ( 59*98) ( 59 . 05) ( 54 . 83) ( 61 . 28) ( 61o70)
(b) Exposed a t  S i t e  13 ( la rg e  accum ulation)
3 months 91.3 88.0  90.3 90.1 92.3 89.4 91 .8 92.5
( 72. 86) (6 9 .8 3 ) (7 1 .88) ( 71. 69) ( 7 4 .00) (7 1 .0 3 ) (7 3 .40) ( 7 4 .21)
8 months 85.5 79.8 82.5 84.6  85.8  80.5 85.7  86.0
( 67. 66) ( 63 . 33) ( 65. 31) ( 66. 96) ( 67 . 89) ( 63 . 86) ( 67. 87) ( 68. 16)
12 months 79;4 74.0  79.5 77.6 81.4  74.3 80.5  80.2
(6 3 .0 4 )(5 9 .3 4 )(6 3 .1 9 )(6 1 .8 3 )(64 .5 6 )(5 9 .5 6 )(6 3 .7 9 )(6 3 .8 2 )
19 months 76.1 70.5 77.0 73.1 74.8  72.4 73 .7  71.2
(6 0 .74)(5 7 .1 1 )(6 1 .6 8 )(5 8 .8 0 )(6 0 .0 1 )(5 8 .4 3 )(5 9 .3 2 )(5 7 .7 4 )
A nalyses o f V ariance on transform ed d a ta  ( in  paren th eses) 
( i )  3 months L.S.D.
L i t t e r
T reatm ent
O ther d if fe re n c e s not
S ig n if ic a n c e
**•
- X - * *







( i i ) 8 months
Treatm ent 
O ther d if fe re n c e s no t
***
s ig n if ic a n t
1.47 1.96
( i i i ) 12 months
Treatm ent 
O ther d if fe re n c e s not
***
s ig n i f ic a n t
1.25 1.66
( iv ) 19 months
Treatm ent 
O ther d if fe re n c e s no t
**
s ig n i f ic a n t
2.11 2.80
1
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The d if f e r e n c e s  betw een t h i s  l i t t e r  and th e  low n i t ro g e n  
c o n te n t l i t t e r  from  S i t e  13 w ere sm all and d isa p p e a re d  a f t e r  
3 months exposure (T ab le  7 -2) .  T h is  p a t t e r n  i s  s im i la r  to  
t h a t  re c o rd e d  i n  th e  f i r s t  f i e l d  s tu d y  (S e c tio n  7 -2 .3 ) •
By c o n t r a s t ,  th e  d i f f e r e n c e s  in  w eig h t lo s s  due to  th e  
n u t r i e n t  a d d i t io n s  p e r s i s t e d  f o r  th e  d u ra t io n  o f  th e  s tu d y . 
The m ain re sp o n se  was an  in c re a s e d  breakdown r a t e  fo llo w in g  
th e  n i t r o g e n  a d d i t io n .  At 3 m onths, th e  d i f f e r e n c e  betw een 
th e  t r e a t e d  and c o n t r o l  l i t t e r s  was ab o u t 5i° o f  th e  o r ig i n a l  
w eigh t and t h i s  d i f f e r e n c e  was m a in ta in e d  f o r  th e  rem ain d er 
o f th e  s tu d y .  The a d d i t io n s  o f  phosphorus and po tass iu m  had 
l i t t l e  e f f e c t  on th e  p a t t e r n  o f  w eig h t lo s s  w ith  tim e .
A lthough  th e s e  l i t t e r  bags w ere b u r ie d  b en ea th  th e  
L - l i t t e r  l a y e r ,  th e  w eig h t lo s s  w ith  tim e  was s im i la r  to  t h a t  
observ ed  in  th e  f i r s t  experim ent where th e  l i t t e r  bags w ere 
p la ced  on to p  o f th e  L - la y e r .
7 -3  DISCUSSION
The s tu d ie s  r e p o r te d  in  t h i s  c h a p te r  r e f e r  onljr to  th e  
e a r ly  s ta g e s  o f  th e  d eco m p o sitio n  o f f r e s h  n e e d le  l i t t e r  in  
th e  L - l i t t e r  la y e r s  o f  th e  f o r e s t  f l o o r .  Both s tu d ie s  
i n d i c a te  t h a t  th e  n a tu re  o f  th e  l i t t e r  as a  s u b s t r a te  
in f lu e n c e d  th e  i n i t i a l  p a t t e r n  o f  decay in  th e s e  s t r a t a .
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There was also some evidence that the different micro- 
environments at various sites could affect decomposition 
rates. With time however, the differences between the 
litter substrates and variations in stand micro-environments 
apparently ceased to influence these early decomposition 
rates.
At all the sites studied more decomposition initially 
occurred in the litters with the larger nitrogen and 
phosphorus contents. These differences between the litters 
as substrates persisted for 12 months, but thereafter were 
obscured by variations in the decay rates of the replicates 
of each litter.
In both studies the greatest weight loss occurred in 
the first 12 months, and in the second year of exposure the 
rate of decomposition decreased* Data over a comparable time 
period are not available from the second experiment 
(Experiment 7*2.4) but the shape of the curves in Pig* 7*2a 
suggests the same decrease was also evident in these litters* 
This probably indicates that most of the readily utilisable 
carbohydrates and water soluble materials were removed in 
the first 12 months*
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D iffe re n c e s  in  th e  s tan d  m icro -en v iro n m en t a t  SQ.II and 
3QV s i t e s  a f f e c te d  decom position  r a t e s  d u r in g  th e  f i r s t  
7 months d ecay . The cause  o f  th e  d i f f e r e n c e s  in  th e  decay 
p a t te r n s  may have been a s s o c ia te d  w ith  th e  d i f f e r i n g  le v e ls  
o f  crown cover (and  th u s  m ic ro -c lim a te )  in  th e  v a r io u s  s ta n d s .  
F o r in s ta n c e  th e  30 y e a r -o ld  SQV s ta n d  was more open th a n  th e  
20 y e a r -o ld  SQ.II s ta n d .  N e v e r th e le s s ,  i t  i s  i n t e r e s t i n g  to  
n o te  t h a t  th e  g e n e ra l p a t te r n s  o f l i t t e r  deco m p o sitio n  w ere 
th e  same in  th e  u n th in n e d  s ta n d s  (E xperim en t 7*2 .2) as in  
th e  th in n e d  s ta n d s  (E xperim ent 7 * 2 .4 ) .  At th e  two th in n e d  
SQII s ta n d s  w ith  p ro b ab ly  s im i la r  m ic ro -c lim a te s  b u t 
m arkedly  d i f f e r e n t  r a t e s  o f  o rg a n ic  m a tte r  tu rn o v e r  ( o i t e s  
2 and 1 3 ), th e  d i f f e r e n c e s  in  s ta n d  m icro -env ironm en t d id  
n o t ap p ea r to  in f lu e n c e  th e  decay r a t e s  a t  any s ta g e  d u r in g  
th e  f i r s t  19  months o f  l i t t e r  d e co m p o sitio n .
Of th e  n u t r i e n t s  added , on ly  n i t r o g e n  appeared  to  
a c c e le r a te  L - l i t t e r  d eco m p o sitio n . T h is  a p p a re n tly  o n ly  
o c c u rre d  d u rin g  th e  f i r s t  few months and d e s p i te  r e p e a te d  
a p p l ic a t io n s  o f a l l  n u t r i e n t s ,  th e  d i f f e r e n c e  betw een th e  
c o n t ro l  and t r e a te d  l i t t e r s  a f t e r  th e  i n i t i a l  a c c e le r a t io n  
(ab o u t 5$ o f  o r ig in a l  w eig h t) rem ained  th e  same fo r  th e  
rem ain d er o f  th e  experim en t (F ig . 7*2) . I t  m ight have 
been ex p ec ted  th a t  a  l i t t e r  w ith  a  l a r g e r  n it ro g e n  c o n te n t 
and a t  a  s i t e  w ith  a r a p id  o rg a n ic  m a tte r  tu rn o v e r  would 
alw ays decompose f a s t e r  th a n  a  l i t t e r  w ith  a  low er
- 1 8 2  —
n i t r o g e n  c o n te n t d e p o s ite d  a t  a  s i t e  w ith  a  slow er o rg a n ic  
m a tte r  tu rn o v e r  r a t e .  T h is  was n o t th e  case  and th e  r e s u l t s  
su p p o rt th e  su g g e s tio n  made in  th e  p re v io u s  c h a p te r  t h a t  
l i t t e r  decom position  i s  n o t d i r e c t l y  in f lu e n c e d  by th e  t o t a l  
n u t r i e n t  c o n te n t .
S e v e ra l o th e r  w orkers  have exam ined th e  d eco m p o sitio n  
o f  a  v a r i e t y  o f  l i t t e r s  p laced  on th e  f o r e s t  f lo o r  a t  
d i f f e r e n t  s i t e s  (Shanks and O lsen  19&1 , tfitkam p 1966)• In  
g e n e ra l te rm s , th e  r e s u l t s  o f  th e se  s tu d ie s  have been 
s im i la r  to  th o se  re c o rd e d  in  t h i s  c h a p te r 5 th e  decay 
p a t te r n s  w ere in f lu e n c e d  p r im a r ily  by th e  d i f f e r e n c e s  in  
th e  n a tu re  o f  th e  l i t t e r  s u b s t r a t e s ,  and th e  m icro ­
env ironm ent a t  each  s i t e  g e n e ra lly  had a  l e s s e r  e f f e c t .  
Witkamp (1966) su g g e s te d  t h i s  was due to  th e  ny lon  mesh 
bag i n i t i a l l y  a c t in g  as  a b u f fe r  to  many o f  th e  en v iro n m en ta l 
in f lu e n c e s  and a n t ic ip a te d  th a t  w ith  tim e  th e  in f lu e n c e  o f  
th e se  w ould become more pronounced.
In  com parison  w ith  o th e r  f i e l d  d eco m p o sitio n  s tu d ie s  
o f  p in e  l i t t e r  w hich have used  th e  same o r  a  s im i la r  
te c h n iq u e , th e  d eco m p o sitio n  r a t e s  o f  th e s e  P . r a d i a t a  
l i t t e r s  ap p ea r to  have been r e l a t i v e l y  s low . Such 
com parisons a re  n e c e s s a r i ly  ap p ro x im a te . N e v e r th e le s s ,  i f  
n e e d le  d eco m p o sitio n  betw een th e  tim e o f  l i t t e r  f a l l  and 
c o l l e c t i o n  p r io r  to  th e  i n i t i a t i o n  o f  th e  experim ent i s
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assumed to be similar, broad comparisons can be made. In 
comparison with the mean 347& weight loss over two years 
by P. radiata litter in South Australia, Will (1967) 
observed a 5Ofo loss in "freshly fallen" P, radiata litter 
in New Zealand in the same period. Mikola (1954) observed 
a weight loss of 457^  in two years and Thomas (1968) nearly 
45i° in °ne year in pine stands elsewhere. These short term 
measurements only indicate the patterns of decomposition in 
the upper L-litter layers but suggest the environment in 
South Australia may be less conducive than elsewhere for the 
rapid decomposition of the upper litter layers. This 
unfavourable environment could be a consequence of the 
prolonged dry summers and freely draining soils which 
together give rise to relatively xeric conditions within the 
litter layers.
Further long-term measurements are necessary to follow 
decay patterns of litter in the F-layer. These present 
studies however confirm the importance of differences between 
litters as microbial substrates and indicate a relatively 
minor role for micro-environmental differences in 
determining the size of litter accumulations in the field.
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CHAPTER 8
BIOASSAY OP INHIBITORY FACTOR 
8..1 INTRODUCTION
The s tu d ie s  o f l i t t e r  decay and m ic ro b ia l r e s p i r a t i o n  
have su g g es ted  l i t t e r  accu m u la tio n s  may r e f l e c t  d i f f e r e n c e s  
in  th e  n a tu re  o f  th e  l i t t e r s  a t  v a r io u s  s i t e s  as  s u b s t r a te s  
f o r  m ic ro b ia l  a c t i v i t y .  These d i f f e r e n c e s  a r e  p ro b ab ly  
r e l a t e d  to  th e  a v a i l a b i l i t y  o f energy  in  each  l i t t e r .  T h is , 
in  tu r n ,  i s  in f lu e n c e d  by th e  e x te n t  o f po lypheno l 
com plexing and m asking  o f  l i t t e r  energy  s o u rc e s .  In  
a d d i t io n  how ever, th e r e  a re  some in d ic a t io n s  t h a t  th e  decay 
p ro cess  may be a l s o  in f lu e n c e d  by an in h ib i to r y  f a c t o r  
w hich l i m i t s  m ic ro b ia l  a c t i v i t y .  F o r examples
( i )  I n  th e  la b o ra to ry  s tu d ie s  o f  decay (C h ap te r 5)> 
w a te r  le a c h in g  caused  an in c re a s e  in  th e  r a t e  
o f  l i t t e r  d eco m p o sitio n . T h is  was e v id e n t ly  
due to  th e  rem oval, by le a c h in g , o f  a  f a c t o r  
i n h i b i to r y  to  th e  t e s t  fu n g u s , Lens i t  es t r a b ea .
( i i )  I n  th e  s e v e ra l  decay s tu d ie s  r e p o r te d  in  C hapter 
5 ( i . e .  u s in g  mixed m ic ro b ia l  p o p u la tio n s  o r  
s i n g l e  t e s t  fu n g i)  th e  decay  r a t e  d e c l in e d  w ith  
tim e* The e f f e c t  was n o t removed by a u to c la v in g  
th e  l i t t e r s ,  s u g g e s tin g  th e  d e c l in e  was n o t
due to  an a n ta g o n is t ic  m ic ro b ia l p o p u la tio n .
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( i i i )  O ther w orkers have n o te d , o r  su g g es ted  from  o th e r  
e v id e n c e , th e  p re sen ce  o f  an  in h ib i to r y  f a c to r  
in  P . r a d i a t a  s o i l - l i t t e r .  For exam ple, H a r r is  
(quo ted  by Raupach 1967a) found an  in h ib i to r y  
f a c to r  i n  s o i l  under o ld  P . r a d i a t a  s ta n d s ,  and 
Simpson (1967)» su g g es ted  an in h ib i to r y  f a c to r  
in  P» r a d i a t a  l i t t e r  co u ld  acco u n t f o r  some o f 
th e  d i f f e r e n c e s  in  fu n g a l d i s t r i b u t i o n  observed  
in  d i f f e r e n t  l i t t e r  l a y e r s .
E x tra c ts  from  l i t t e r ,  i n h ib i to r y  to  some m ic ro b ia l  
p o p u la tio n s ,  have been  re p o r te d  from  a  number o f  l i t t e r  
m a te r ia l s ,  in c lu d in g  o th e r  c o n i fe r s  (Runov and Egorova 
1958, B u b li tz  1959) and deciduous hardwoods (M elin  and 
W icken 1945» Knowles and L a is h le y , 1959)« T here  i s  a ls o  
ev idence  th a t  some e x t r a c t s  from l i v i n g  le a v e s  may be 
fu n g ito x ic  (Topp and Wain 1957) and presum ably th e s e  may 
be washed from th e  crowns in to  th e  l i t t e r  l a y e r s .
The s tu d ie s  re p o r te d  in  t h i s  c h a p te r  w ere c a r r i e d  
o u t to  f in d  w hether a  f a c to r  was commonly p re s e n t  in  
P . r a d i a t a  l i t t e r  w hich co u ld  in f lu e n c e  th e  a c t i v i t y  o f 
m ic ro b ia l p o p u la tio n s  and th u s  a f f e c t  th e  p a t te r n s  o f l i t t e r




The assay used to measure inhibition was based on a 
technique described by Harris (1968) and used for testing 
whether the soil environment was inimical to the process(es) 
being carried out by the indigenous micro-organisms. The 
bioassay is a micro-respirometric technique in which the 
existing microflora is swamped with a suspension of test 
organisms. The existing litter substrate is similarly 
swamped by the addition of a bacteriological substrate 
capable of sustaining vigorous respiration by the test 
organisms. Harris showed that in a fertile soil which was 
not inimical to biological activity, the respiration rate 
of the soil-substrate-test organism was high, but in a 
soil environment unfavourable to microbial activity, the 
respiration rate 'was reduced. Inhibition was measured as 
the ratio between respiration by soil-substrate-test 
organism and that by the test organism and substrate alone.
In adapting the method for use with litter material, 
several changes were made. Soil normally has a relatively 
low organic matter content and equilibrium (i.e. basal) 
respiration rate. In relation to the respiration by the 
tost organism-substrate, respiration of the soil itself is 
slight and can be disregarded in calculating an inhibition 
ratio. Respiration rates of litter material however can
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be rapid and it was necessary to take this into account 
when calculating the overall change in respiration rate due 
to the presence o£ absence of litter.
The following procedure was therefore adopted. The 
total respiration rate (measured as oxygen uptake) of 
litter and test organism and substrate (A) was compared 
with the respiration of litter plus substrate (B) and the 
test organism plus substrate alone (c)• The inhibition 
ratio (i) was measured as
I = A 
B+C
When I was less than 1,0, the litter was considered to 
have been inhibitory to potential microbial activity.
Harris (1968) used a bacteria (Rhizobium trifolii) 
and an actinomycete (Nocardia rubra) as test organisms and 
concluded that despite the contrasting ecological preferences 
of the two organisms, they were both similarly affected by 
the soil. He suggested it was possible the total microbial 
population would show reduced activity when the soil 
environment was not equitable for activity by these indicator 
species.
A wider range of test organisms than this would be 
desirable to explore the full inhibitory properties of a 
soil or litter. In the present study, Rhizobium v/as used
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as a  t e s t  o rgan ism . I t  had been  p lan n ed  to  r e p e a t  th e  s tu d y  
u s in g  o th e r  organism s bu t a  la c k  o f  tim e p rev en ted  t h i s .
8 ,2 .2  L i t t e r s  Used
L i t t e r s  w ere c o l le c te d  from  th e  L and F - l i t t e r  la y e r s ,  
t r a n s p o r te d  to  th e  la b o ra to ry  in  p l a s t i c  b ag s , and s to r e d  
a t  4°C u n t i l  u s e d . The s i t e s  sam pled weres
( i )  S tan d s from  SQII and SQV s i t e s  on sand dune s o i l s  
aged 10 , 20 , 30 and 40 y e a r s .  The l i t t e r s  w ere 
c o l le c te d  i n  J u ly  19^9•
( i i )  L i t t e r s  from  30 y e a r -o ld ,  SQII s tan d ss
S i t e  S o i l  L i t t e r
____  ____  A ccum ulation
6 M t. B urr sand Heavy
13 T e r r a  ro s s a  Heavy
1 Nangwarry sand  Medium
2 Nangwarry -  W andilo
t r a n s i t i o n a l  Sm all
8 T e r ra  ro s s a  t r a n s i t i o n a l  Sm all
T hese l i t t e r s  were c o l l e c t e d  in  O ctober 1969.
Two r e p l i c a t e s  o f  each l i t t e r  were u se d .
8 .2 .3  T e s t O rganism
A c u l tu r e  o f  Rhizobium t r i f o l i i  T1 was u sed  as  th e  
t e s t  o rgan ism . T h is  was su p p lie d  by D r. A. R obinson  o f 
C .S .I .R .O . D iv is io n  o f  P la n t  I n d u s t r y .  The c e l l s  w ere grown 
in  a  shaken l i q u i d  c u l tu r e  o f  th e  s u b s t r a te  ( s e e  b e lo w ), 
h a rv e s te d  ( a f t e r  3 days a t  30°C) by c e n t r i f u g a t io n ,  
resu sp en d ed  i n  0.05M S orensen  b u f f e r  pH 7 .0  (1 ml o f  b u f fe r  
p e r  20 ml c u l tu r e )  and r e f r i g e r a t e d  a t  4°C f o r  n o t more th a n
two weeks
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8 .2 .4  S u b s tr a te  f o r  b io a s s a y
The s u b s t r a t e  f o r  th e  t e s t  o rganism  was s u p p lie d  from 
a  medium c o n ta in in g  d e x tro s e  su c ro se  5e?n> sodium c i t r a t e
1gm; c a s i to n e  ( b i f c o )  5gm5 magnesium g ly c e ro p h o sp h a te  1gm; 
y e a s t  e x t r a c t  2°Jo (w /v ) ; and d i s t i l l e d  w ate r to  1 l i t r e .
The r e a c t io n  was a d ju s te d  to  ab o u t pH 7*0*
8 .2 .5  R e s p ir a t io n  Measureme n ts
T hree m easures o f r e s p i r a t i o n  were made to  c a l c u la te  
each  i n h i b i t i o n  r a t i o  ( i  = A /(B +C )).
( i )  R e s p i r a t io n  o f  l i t t e r  and s u b s t r a te  and t e s t  
o rgan ism  (A)
( i i )  R e s p i r a t io n  o f  l i t t e r  and s u b s t r a te  (S)
( i i i )  R e s p i r a t io n  o f  t e s t  o rgan ism  and s u b s t r a t e  (C) 
R e s p ir a t io n  was m easured  by th e  c o n v e n tio n a l W arburg 
r e s p i r a t i o n  m ethods d e s c r ib e d  e a r l i e r  in  C hap ter 6 .
L i t t e r s  w ere a i r  d r ie d  and a  1 ..5gm sam ple added to  th e  
f l a s k s .  T h is  l i t t e r  sam ple was w e tte d  w ith  5 ml o f a  
b u f f e r  -  s u b s t r a t e  -  t e s t  o rgan ism  su sp e n sio n  (9 ml o f  
S o ren sen  b u f f e r  pH 7»0; 30 ml o f  s u b s t r a t e ;  4 «5 fill o f  t e s t  
o rganism  su sp e n s io n )  •
In  th e  tr e a tm e n t w here l i t t e r  r e s p i r a t i o n  was 
m easured in  th e  ab sen ce  o f  th e  t e s t  o rganism  (T rea tm en t B ),
9 ml o f  b u f f e r ,  30 ml o f  s u b s t r a t e  and 4*5 nil o f  d i s t i l l e d  
w a te r  w ere added to  th e  l i t t e r s .  R e s p ir a t io n  o f  th e  t e s t  
o rgan ism  (c) was m easured in  5 ml  o f  th e  b u f f e r  -  s u b s t r a te  -
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test organism suspension. All flasks were shaken and the 
total respiration measured at 25°C over 4 hours.
8#3 RESULTS
The inhibition ratio (i) provides an indication of 
a litter factor potentially limiting to microbial 
activity. When I = 1.0, the litter is assumed to have 
no influence on microbial respiration? at values less than 
1.0, the presence of the litter factor may be inhibitory 
in some way to maximum microbial respiration, while at 
values greater than 1.0, the litter itself is actually 
stimulatory to respiration of the test organism. The 
values of I for all litters examined are shown in 
Tables 8.1 and 8 «2. Several of the individual 
measurements used in deriving I for several litters are 
shown in Table 8.3*
8.3• 1 SQ.II and SQ.V stands on sand dune soils 
(a) L-laye.r litter
All L— layer litters had inhibition ratios of 0.748 
or less, indicating that some factor in these L-litters 
is inhibitory to respiration by the test organism 
(Table 8.1). At each age class, litter from SQII stands 
had a lower I ratio (that is, greater inhibition occurred) 
than litter from SQV stands. The I ratio was progressively 
less in litter from older stands.
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(b )  F - la y e r  l i t t e r
The I  r a t i o  in  th e  F - l i t t e r s  was g r e a te r  th a n  th a t  
in  th e  L - l i t t e r  la y e r s  and ran g ed  betw een 0.631 and 1 .199 
(T ab le  8 ,1 ) .  A lthough  s e v e ra l  l i t t e r s  ( e .g .  SQII 
30 y e a rs )  had some r e s t r i c t i v e  e f f e c t  on th e  r e s p i r a t i o n  
o f  th e  t e s t  o rg an ism s, th e  i n h i b i to r y  e f f e c t  o f  most 
F - la y e r  l i t t e r s  was r e l a t i v e l y  s l i g h t  and in  s e v e r a l ,  th e  
p re sen ce  o f th e  l i t t e r  m a te r ia l  a c t u a l l y  proved 
s t im u la to ry  to  th e  r e s p i r a t i o n  o f  th e  t e s t  o rganism  in  th e  
l i t t e r  -  s u b s t r a t e  -  t e s t  organism  su sp e n sio n  ( e .g .  SQV -  
30 y e a r s ) • T here  was no r e l a t i o n s h ip  betw een th e  l i t t e r  
I  v a lu e  and s ta n d  a g e . At any age c la s s  how ever, th e  I  
v a lu e  was low er in  SQII l i t t e r s  th a n  in  SQV l i t t e r s  
( i . e .  in h i b i t i o n  v/as g r e a t e r ) .
TABLE 8 .1 .  I n h ib i t i o n  R a tio  ( i )  m easured in  l i t t e r  from 
SQII and SQV s ta n d s ,  aged 20, 30 and 40 y e a r s .
Age (y e a rs ) 10 20 30 40
L - l i t t e r s
SQ II 0 .628 0 .547 0 .486 O.466
SQV 0.748 0 .615 0 .587 0.506
F - l i t t e r s
SQ II 0 .804 0 .833 0.631 O.718
SQV 0.881 0 .898 1 .199 1.008
A n a ly s is  o f  V a rian c e
L i t t e r  la y e r  
S i t e  q u a l i ty
L .S ♦D.
S ig n if ic a n c e  P < jfo P < 1$ 
*** 0*095 0.131
** 0 .095  0.131
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8.3,2 Litter from 30 year-old SQ.II stands 
(a) L-layer litter
As in the age sequence on SQII and SQV stands, low I 
values were found in the L-litter layers (Table 8.2). These 
varied between 0.515 and 0,711 and again indicated the 
presence of a factor restrictive to microbial respiration. 
There was no relationship between the I ratio and the pattern 
of litter accumulation at each site. Both the smallest and 
largest I values were found on sites with rapid organic matter 
turnover rates (Sites 2 and 8; being a Nangwarry - Wandilo 
sand transitional and a Mt. Burr eand - terra rossa 
transitional respectively). Litters from a podsolised sand 
and a terra rossa were intermediate between these.
TABLE 8,2. Inhibition Ratio (i) measured in litters from the 
soil series sites
Site No. 2 8 1 6 13
Soil transit. transit• sand sand terra rossa
Litter Accum. small small med. heavy heavy
L-layer 0.515 0.711 0.630 0.641 0.659





P < 51o P < ifo
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(b) F-layer litter
Greater variability was found in the I ratio in the 
F-litters than was observed in the L-litters. In this 
series, all F-litters had I values greater than those found 
in the L-litter layers (Table 8.2). These were all 
greater than 1.0 and ranged from 1 ,003 to 1.547» Evidently 
there is no factor inhibitory to bacterial activity present 
in these litters which is detectable by this technique.
There was no relationship between the I ratio and 
litter accumulations in the field. Sites 2 and 13 with low 
and heavy litter accumulations respectively, both had low 
ratios while sites with intermediate litter accumulations liad 
larger I ratios.
TABLE 8.3* Typical values of A, B and C used to derive the 










B + C A
B+C
13-L* 1638 1365 1197 2562 0 . 6 4
13-L 1786 1 3 6 3 1262 2 6 2 5 0.68
13-F* 2973 105 0 1 6 1 7 2543 1 . 1 6 8
13-F 2 7 6 2 985 2373 3291 0.839
* L = L-layer 
F = F-layer
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8 .4  DISCUSSION
The o u ts ta n d in g  r e s u l t  from  th e s e  s tu d ie s  was th e  
m arked c o n t r a s t  in  th e  d eg ree  o f  m ic ro b ia l  i n h i b i t i o n  
m easured in  th e  L and F - l i t t e r  l a y e r s .  When L - l i t t e r  was 
added to  the  t e s t  o rgan ism  -  s u b s t r a t e  su sp e n sio n , 
r e s p i r a t i o n  was red u ced  to  a  l e v e l  w e ll  below th e  p o te n t i a l  
maximua. W ith th e  a d d i t io n  o f th e  F - la y e r  how ever, th e  
p re sen ce  o f  th e  l i t t e r  i t s e l f  was in  some way a b le  to  
f u r t h e r  s t im u la te  m ic ro b ia l r e s p i r a t i o n  above th e  ex p ec ted  
maximum re p re s e n te d  by th e  sum o f th e  components m easured 
s e p a r a te ly .  T here  i s  no ev idence  th e r e f o r e  from t h i s  s tu d y  
th a t  in h ib i to r y  f a c t o r s  a re  a  m ajor in f lu e n c e  l i m i t i n g  th e  
d eco m p o sitio n  r a t e s  o f  th e  la rg e  accu m u la tio n s  o f F - l i t t e r  
m a te r ia l  in  th e  f i e l d .
The s t r o n g e r  in h i b i t i o n  o f  b io lo g ic a l  a c t i v i t y  in  th e  
L - l i t t e r s  com pared w ith  th a t  in  th e  F - la y e r s  c o n t r a s t s  w ith  
th e  d i f f e r e n c e s  in  fu n g a l d eco m p o sitio n  r a t e s  and m ic ro b ia l 
r e s p i r a t i o n  r a t e s  m easured in  C h ap te rs  5 and 6 . B oth  o f 
th e s e  fo rm er s tu d ie s  in d ic a te d  th e  L - la y e r  l i t t e r s  w ere more 
fa v o u ra b le  m ic ro b ia l  s u b s t r a te s  th a n  th e  F - la y e r  l i t t e r s .  In  
a d d i t io n ,  w a te r  le a c h in g  removed a  f u n g i s t a t i c  m a te r ia l  from 
b o th  L and F - la y e r  l i t t e r s .  However, w h ile  i t  i s  n o t p o s s ib le  
to  su g g e s t th e  c a u se  o f  th e  d i f f e r e n c e  in  th e  i n h i b i t i o n  
r a t i o  betw een th e  two l i t t e r  l a y e r s ,  i t  i s  n o tew o rth y  th a t  
a  s im i la r  p a t t e r n  o f  i n h i b i t i o n  has been  observed  in  P inus
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l i t t e r  e lse w h e re . Runov and Egorova (1958) found w a te r 
le a c h a te s  from th e  upper l i t t e r  la y e r  had a  g r e a te r  
p h y to c id a l a c t io n  th a n  th o s e  from  th e  low er l i t t e r  l a y e r .
The e x t r a c t s  from  th e s e  l i t t e r s  in h ib i te d  'b a c t e r i a  more th a n  
f u n g i .
The s ig n i f ic a n c e  o f  th e  s m a lle r  I  r a t i o  in  SQII l i t t e r s  
th a n  i n  SQV l i t t e r s  i s  n o t c l e a r .  S im i la r ly ,  a lth o u g h  th e  
in c r e a s in g  i n h i b i t i o n  in  L - la y e r  l i t t e r s  from  s u c c e s s iv e ly  
o ld e r  SQII and SQV s ta n d s  p a r a l l e l s  th e  o b s e rv a tio n s  by H a r r is  
(q u o ted  by Raupach 1967a) t h a t  an in h i b i to r y  f a c to r  a ls o  
accu m u la tes  in  P . r a d i a t a  s o i l ,  more work i s  n e c e ssa ry  b e fo re  
th e  s ig n i f i c a n c e  o f  th e se  o b se rv a tio n s  can be a s s e s s e d .
The s t im u la to ry  e f f e c t  o f  F - la y e r  l i t t e r s  to  g iv e  I 
r a t i o s  i n  ex cess  o f  1 .0  was u n ex p ec ted . From th e  fo rm u la  
used  to  d e r iv e  I, i t  i s  a p p a re n t t h a t  th e  v a lu e s  o f  I 
g r e a te r  th a n  u n i ty  a re  due to  an  in c re a s e  in  th e  r e s p i r a t i o n  
o f  Rhizobium  in  th e  p re sen ce  o f  l i t t e r .  S e v e ra l  p o s s i b i l i t i e s  
m ight a c c o u n t f o r  t h i s  in c r e a s e .  One o f  th e s e  i s  a  l i t t e r -  
induced  s t im u la t io n  o f Rhizobium  c e l l s  p re v io u s ly  in  a  
q u ie s c e n t  o r  dormant s t a t e .  G i lb e r t  and G r ie b e l  (1969) have 
found v o l a t i l e s  r e le a s e d  from  a  ran g e  o f o rg a n ic  m a te r ia ls  
w ere a b le  to  s t im u la te  r e s p i r a t o r y  a c t i v i t y  in  s o i l s  -  
p a r t i c u l a r l y  fu n g a l r e s p i r a t i o n .  The e f f e c t  was th e  same 
w hether th e  s o i l s  were t r e a t e d  w ith  th e  d i s t i l l a t e  o r  th e  
v ap o u r. They su g g ested  th e  e f f e c t  was n o t due to  a  change
in the nutritional status of the soils but rather to an 
activation of specific respiratory pathways in soil 
organisms. This occurred primarily in previously dormant 
or quiescent soil microflora. Knowles and Laishley (1959) 
have also noted a stimulatory effect on bacteria of 
extracts from beech litter. Alternatively, there may be a 
synergistic interaction between the litter microbial 
population and Rhizobium which stimulates the gross 
respiration rate.
The study must be regarded as a preliminary 
investigation of the inhibitory effects of P. radiata litter 
on micro-organisms. Further work could test the effects of 
varying the litter weightsamount of test organism ratio 
as well as examining a wider range of test organisms.
Insofar as Rhizobium reflects the response of litter or soil 
micro-organisms to inhibitory materials (as suggested by 
Harris 1968), the data indicate that factors inhibitory to 
microbial activity are present in these litter layers. The 
influence of these factors on the decomposition processes 
however requires further study.




S e v e r a l  l a b o r a to r y  s tu d i e s  (C h a p te r  5> 6) have  shown 
t h a t  l i t t e r  can  v a ry  a s  a  s u b s t r a t e  f o r  m ic r o b ia l  a c t i v i t y  and 
i t  h a s  b e e n  s u g g e s te d  t h a t  p a r t  o f  th e  v a r i a t i o n  i n  l i t t e r  
a c c u m u la t io n s  i n  t h e  f i e l d  c o u ld  be  due  to  th e  l i t t e r  -  
m ic ro -o rg a n is m  r e l a t i o n s h i p .  F i e ld  m easu rem en ts  o f  l i t t e r  
d e c o m p o s itio n  i n  L - la y e r s  showed some o f  th e  i n i t i a l  d e cay  
p a t t e r n s  w ere  t e m p o r a r i ly  in f lu e n c e d  by s i t e  d i f f e r e n c e s ,  
b u t  th e  e f f e c t  o f  s i t e  d i f f e r e n c e s  on th e  d e c o m p o s itio n  
p ro c e s s  i n  F - l a y e r  l i t t e r s  was n o t  ex am in ed . L arge 
d i f f e r e n c e s  o c c u r  i n  t h e  l i t t e r  a c c u m u la t io n s  a t  v a r io u s  
s i t e s  and  i t  i s  l i k e l y  t h a t  s im i la r  d i f f e r e n c e s  o c c u r  i n  
th e  n a tu r e  o f  th e  F - l a y e r  b i o t a  r e s p o n s i b l e  f o r  o r g a n ic  
m a t te r  d e c o m p o s i t io n . I n  a d d i t io n  to  th e  m ic r o b ia l  
p o p u la t io n ,  t h i s  b i o t a  may in c lu d e  a  v a r i a b l e  fa u n a  com ponen t.
S e v e r a l  l i t t e r  decom posing  f u n c t io n s  can  be a t t r i b u t e d  
to  l i t t e r  f a u n a ,  a l th o u g h  t h e i r  d i r e c t  in f lu e n c e  may 
som etim es b e  o n ly  s l i g h t .  F i r s t l y ,  th e  com m inution  o f  
o r g a n ic  m a t t e r  by m ic ro  a r th ro p o d s  e x p o ses  l a r g e r  s u r f a c e  
a r e a s  to  l e a c h in g  and  m ic r o b ia l  a t t a c k  ( G h i la r o v  1963*
W itkamp a n d  C ro s s le y  1966 , H ale 1967» W allw ork  1967)«
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Secondly , micro fauna in flu en c e  m ic ro b ia l a c t i v i ty  by 
t r a n s p o r t in g  organisms to  more fav o u rab le  s i t e s ,  by 
e lim in a tin g  fu n g is ta s is  and b a c te r io s ta s i s  o r by en ric h in g  
l i t t e r  accum ulations w ith  fa c e a l m a tte r  (Macfayden 1963, 
vf a llw ork  1967, Ho-.iard 1967, Kevan 1968). Large anim als such 
as earthworms and m illip e d e s  may a lso  p lay  a more d i r e c t  
r o le  by in g e s t in g  la rg e  q u a n t i t ie s  o f o rg an ic  m a tte r 
(Troughton 1962, S a tc h e l 1967, Raw 1967, Noble e t a l .  1970, 
E l l i o t  1970).
In  many co n ife ro u s  fo r e s ts  w ith  la rg e  l i t t e r
accum ula tions, th e  anim al popu la tions a re  low r e la t i v e  to
th o se  found in  hardwood f o r e s t s .  Many o f the  co n d itio n s  o f
v e g e ta tio n  and s i t e  which tend  to  produce mor humus, tend
a lso  to  d ecrease  th e  a c t i v i t y  of some anim al groups and so
a c c e le r a te  th e  accum ulation o f l i t t e r . ( S a t c h e l  1967)•
Comparisons of anim al popu la tions in  d i f f e r e n t  fo r e s ts  i s
d i f f i c u l t  because o f la rg e  s p a t i a l  and sea so n a l v a r ia t io n s .
However S a tc h e l (1967) has re p o rted  earthworm p o pu la tions
2
in  c o n ife r  f o r e s ts  may v ary  from about 14-31 /m in  raw
2
humus l i t t e r  up to  101/m in  c o n ife r  m ull humus. R eports 
suggest th e re  may a lso . be some v a r ia t io n  in  th e  p o p u la tio n s  
o f l i t t e r  macro fauna in  P . r a d ia ta  f o r e s t s .  Howard (1967) 
in  South A u s tra l ia  found many o f th e  "prim ary  decomposers" 
( e .g .  o lig o c h a e te s , te rm ite s ,  m illip e d e s )  were e i th e r  
ab sen t o r p re sen t only in  sm all numbers. In  c o n tra s t ,
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E l l i o t  (1?70) in A .C .T .  o b se rv ed  la rg e  p o p u la tio n s  o f 
m ill ip e d e s  and W ill (1967) and- S ty le s  (196?) in  New 
Z ealand  om raented on th e  red u ced  d eco m p o sitio n  r a t e s  
m easured when la rg e r  l i t t e r  fau n a  w ere excluded  from 
l i t t e r  in  th e  f i e l d .
In  some l i t t e r  a c c u m u la tio n s , th e  amount o f  s o i l  mixed 
w ith  th e  l i t t e r  m a te r ia l  may be in d ic a t iv e  o f  th e  le v e l  o f 
in v e r te b r a te  a c t i v i t y  a t  th e  f o r e s t  f l o o r .  As a  p re lim in a ry  
in v e s t ig a t io n ,  th e  l i t t e r  sand c o n te n ts  r e p o r te d  in  C hapter 
2 w ere examined in  r e l a t i o n  to  th e  r a t e  o f  l i t t e r  tu rn o v e r  
a t  d i f f e r e n t  s i t e s .  However, no r e l a t i o n s h ip s  l in k in g  
sand c o n te n ts  and l i t t e r  tu rn o v e r  cou ld  be fo und .
The fo llo w in g  s tu d ie s  w ere th e r e f o r e  c a r r i e d  o u t to  
d e te rm in e  w hether d i f f e r e n c e s  in  th e  s iz e s  o f  th e  a c tu a l  
fau n a  p o p u la tio n s  a t  s i t e s  w ith  c o n t r a s t in g  l i t t e r  
accu m u la tio n s  cou ld  be r e l a t e d  to  th e  l i t t e r  tu rn o v e r  p ro cess  
a t  each s i t e .  A d e f i n i t i v e  s tu d y  o f fau n a  p o p u la tio n s  
would n e c e s s i t a t e  a  v e ry  la r g e  sam pling  programme. T h is  
was no t p o s s ib le  as p a r t  o f  t h i s  p r o je c t .  In s te a d ,  an 
e x p lo ra to ry  exam ination  o f p o s s ib le  p o p u la tio n  d i f f e r e n c e s  
was made to  en ab le  th e  b road  p e r s p e c t iv e  o f  th e  
d eco m p o sitio n  p ro cess  sough t in  t h i s  i n v e s t ig a t io n  to  be 
com ple ted .
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The s i t e s  in c lu d e d  in  t h i s  f a u n a l  sam pling  s tu d y  a re  
th o s e  w ith  th e  g r e a t e s t  d i f f e r e n c e s  in  l i t t e r  acc u m u la tio n  
and hence th o se  most l ’k e ly  to  show d i f f e r e n c e s  in  t h e i r  
f a u n a l  p o p u la tio n s .  The fau n a  groups examined w ere th e  
earthw orm s, s p r in g  t a i l s  (C ollem hola) and m ite s  (A ca ri)  as 
p re v io u s  work on P . r a d i a t a  su g g es ted  th e s e  cou ld  be 
d i r e c t l y  o r i n d i r e c t l y  im p o rtan t in  th e  l i t t e r  
d eco m p o sitio n  p ro c e s s  (Howard 1967» W ill  1967)•
9 .2  METHODS
Samples w ere c o l le c te d  in  J a n u a ry , May, A ugust, and 
December o f 1970* At each  tim e , a l l  sam ples w ere 
c o l le c t e d  over one o r  two d ay s .
9*2.1 Earthworms
Sam pling was c a r r i e d  o u t a t  f i v e  s i t e s  w ith  v a ry in g  
l i t t e r  a c c u m u la tio n s . A ll  s i t e s  w ere SQ II and abou t 30 
y e a rs  o ld .
S i t e  No. S o i l  L i t t e r
A ccum ulation
6 Mt. B urr sand 







2 Nangwarry -  W andilo sand  
T e r ra  r o s s a  t r a n s i t i o n a l
L ig h t
L ig h t8
At each s i t e ,  f iv e  sam ples w ere ta k e n  from w ith in  
a  100 f t  s q u a re . T hese w ere 1 2 in  sq u a re  and 1 2 in  deep
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except a t  th e  January  sam pling  when sam ples l8 in  deep were 
ta k en . The samples were removed from th e  s o i l  and p laced  
on a p la s t i c  sh e e t. Earthworms in  th e  l i t t e r  and to p s o i l  
were removed by h a n d so r tin g . The earthworms in  the  
rem ainder o f the sample were c o lle c te d  by a com bination 
o f hand s o r t in g  and s ie v in g . The January  sample was 
se iv ed  in  the f i e l d .  The o th e r  th re e  c o l le c t io n s  were 
tra n s p o r te d  in  p la s t i c  bags to  the  F o re s t R esearch 
I n s t i t u t e  a t  Mt. Gambier (May) o r to  C anberra (August and 
December) fo r  f i n a l  s ie v in g . The worms c o lle c te d  were 
p res er"/ed in  4°/° fo rm a lin .
9 .2 .2  A rthropods
These were c o l le c te d  a t  S i te s  6 and 8 in  th e  same 
a re as  sampled fo r  earthw orm s. At each c o l le c t io n ,  12 
samples were taken  a t  each s i t e  w ith  a co re  (10cm x 10cm) 
p ressed  th rough  th e  l i t t e r  in to  th e  upper 2cm of m inera l 
s o i l .  The co res were p laced  in  p la s t i c  co n ta in e rs  w ith  
c lo se ly  f i t t i n g  l i d s ,  t ra n s p o r te d  to  the  la b o ra to ry , and 
s to re d  a t  4°C u n t i l  e x tra c te d .
The anim als were e x tra c te d  over s ix  days on a  d ry  
fu nne l e x t r a c to r  w ith  tem pera tu re  and hum idity  g ra d ie n ts .  
The anim als were c o l le c te d  in  s a tu ra te d  aqueous s o lu tio n s  
o f  p ic r ic  a c id  and su b seq u en tly  s to re d  in  7 0 /o a lc o h o l.
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C ounting was c a r r ie d  out u s in g  a b in o c u la r  d is s e c t in g  
m icroscope. The few earthworms and o th e r  o lig o ch ae te s  
e x tra c te d  from the  co res were no t inc luded  in  th e  t o t a l s .
9 .2 .3  A nalysis  o f d a ta
C onsiderable v a r ia t io n  was found in  the  numbers o f 
earthworms a t  each s i t e  and th e  d a ta  was transform ed by 
lo g e (d a ta  + 1 .0) to  no rm alise  the d i s t r ib u t io n s .  The 
r e s u l t s  a re  shown in  T ab le  9*1 as a r i th m e tic  and 
geom etric means ( th e  geom etric  mean i s  th e  d e -transform ed 
mean o f the  transfo rm ed  d a t a ) •
D iffe re n c es  between the  a rth ro p o d  pop u la tio n s  a t  th e  
two s i t e s  were te s t e d  by a  M u ltip le  D iscrim in an t A n alysis  
(Cooley and Lohnes 1962, S ea l 1964)* T his techn ique 
in te g ra te s  th e  s e v e ra l  p o p u la tio n  measurements a t  each 
s i t e  and compares one s i t e  w ith  th e  o th e r .  A l in e  i s  
lo c a ted  in  th e  t e s t  space m (where m = th e  number of 
v a r ia b le s ,  in  th i s  case  th re e )  fo r  which th e  s e p a ra tio n  o f 
s i t e s  i s  op tim ised  when th e  in d iv id u a l p o in ts  o f th e  
d i f f e r e n t  measurements w ith in  each s i t e  a re  p ro je c ted  on 
to  i t .  The r a t i o  o f am ong-site  to  w i th in - s i t e  sums o f 
squared d e v ia tio n s  i s  maximised and the  n u l l  h y p o thesis  
te s te d  i s  th a t  th e  sample s t a t i s t i c  a ro se  from samples o f 
a  s in g le  p o p u la tio n  in  th e  t e s t  sp ace . The d a ta  were
transfo rm ed  by lo g  (d a ta  + 1 .0 ) p r io r  to  a n a ly s is  and th ee
r e s u l t s  a r e  shown in  T ab les 9»2 -  9 * 5 *
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9 .3  RESULTS 
9 .3 .1  Earthworms
The earthworm p o p u la tio n s  a t  d i f f e r e n t  s i t e s  w ere very- 
v a r ia b le  and on ly  a  few b e tw e e n -s i te  d i f f e r e n c e s  w ere 
observed  a t  th e  v a r io u s  sam p ling  p e r io d s .  T here i s  no 
d i r e c t  r e l a t i o n s h ip  betw een  earthworm  p o p u la tio n s  and 
l i t t e r  accu m u la tio n s  a t  d i f f e r e n t  s i t e s .  The on ly  s i t e  w ith  
s i g n i f i c a n t l y  g r e a te r  earthw orm  numbers th a n  a l l  o th e rs  was 
S i t e  8 ( t e r r a  r o s s a  t r a n s i t i o n a l  s o i l ,  low l i t t e r  
a ccu m u la tio n  ) •  T hese d i f f e r e n c e s  o c c u rre d  in  May, A ugust 
and December (T ab le  9»1)*
i . e .  in  -  May, S i t e  8 had g r e a te r  numbers th a n  S i t e s  2 , 1 , 6
-  A ugust, S i t e  8 had g r e a te r  numbers th a n  S i t e  6
-  December, S i t e  8 had g r e a te r  numbers th a n  S i t e s
2 , 1 , 6 .
T h ere  were no s i g n i f i c a n t  d i f f e r e n c e s  betw een 
earthworm  numbers a t  th e  o th e r  low l i t t e r  accu m u la tio n  s i t e  
(2) and th e  s i t e s  w ith  heavy accu m u la tio n s  ( S i te s  5 and 6 ) .
Some se a so n a l changes o c c u rre d , a l th o u g h  a g a in , th o  
v a r i a t i o n  ten d ed  to  o b scu re  th e s e .  However, th e  J a n u a ry  
p o p u la tio n s  in  S i te s  8 and 1 w ere b o th  s ig n i f i c a n t l y  l e s s  
th a n  th o s e  in  th e  same s i t e s  in  o th e r  s e a s o n s . T here w ere 
no s i g n i f i c a n t  d i f f e r e n c e s  betw een th e  p o p u la tio n s  w ith in  
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Several earthworm families were found in these samples. 
These included the native Megascolicidae as well as the 
common European Lumbricidae. The latter was represented 
by Allolobophora (caligulosa?) identified by Dr. V. Harris, 
Department of Zoology, Australian National University. 
Mambers of both families were generally found in the lower 
litter layers, immediately above the mineral soil.
9.3.2 Arthropods
Significant differences were found between the litter 
arthropod populations at the two sites sampled. However, 
the relationships between the different populations at 
the two sites varied during the year and the importance 
of these differences to the litter decomposition process 
is not clear.
Differences between the populations were found in 
all but the August sampling (Table 9*2). The largest 
difference occurred in Summer.
TABLE 9*2. Multiple discriminant analysis of animal
populations. Centroids of groups in reduced 
space
Site Litter Wt. 
(kg/ha)
Jan. May Aug. Dec.
Site 8 15270 0.110 0.968 -0.444 0.611
Site 6 26500 1.778 1.803 0.347 -0.675
Signif. of 
Function
Discriminant ** V. y  VTV 7V * NS ***
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The c o n tr ib u tio n  o f th e  s e v e ra l anim al groups to  th e  
se p a ra tio n  of the  t o t a l  fauna p o p u la tio n  a t  each s i t e  i s  shown 
by th e  sca le d  v e c to rs  in  T able  9*3» These show th a t  in  
January , v/hen th e  l i t t e r  was p a r t i c u la r ly  d ry , the  
d if fe re n c e  between th e  t o t a l  p o p u la tions a t  each s i t e  was 
p r im a rily  a r e f l e c t io n  o f the s iz e  of th e  two Collembola 
po p u la tio n s  * The sane was tru e  in  December when tem pera tu res 
and m o is tu re  co n ten ts  were most fav o u rab le  fo r  b io lo g ic a l  
a c t iv i ty *  In  May, when tem peratu res were d e c rea sin g , the  
d if fe re n c e s  between th e  s i t e s  were most dependent on th e  
d if fe re n c e s  in  th e  A cari p o p u la tio n s .
TABLE 9*3« M u ltip le  d isc r im in a n t a n a ly s is  of animal 
p o p u la tio n s .
S caled  V ectors
Collem bola A cari O ther
January 4.793 1.324 -2.306
May -1.977 2.353 -0.116
August 2.844 -1.199 -1.734
December 2.188 -1.969 -O.OO3
The a c tu a l  p o p u la tio n  d if fe re n c e s  a re  shown in  T able 9*4» 
As some o f th e  p o p u la tio n  d is t r ib u t io n s  were h ig h ly  skewed, 
th e  most m eaningful e s tim a te s  o f th e  p o p u la tio n  means a re  
given by th e  geom etric m eans. These complement th e  d a ta
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in  T a b le s  9*2 and 9*3 and show t h a t  in  J a n u a ry  and December, 
when th e  C ollem bola p o p u la tio n  d i f f e r e n c e s  w ere most 
s i g n i f i c a n t ,  g r e a te r  numbers o f C ollem bola w ere found 
a t  th e  M t. B urr sand s i t e  (6) in  J a n u a ry  b u t g r e a te r  
numbers w ere found a t  th e  t r a n s i t i o n a l  s o i l  s i t e  (8) in  
Decem ber, ( i . e .  in  J a n u a ry , S i t e  6s S i t e  8 = 14 :1 ;  in  
Decem ber, S i t e  6s S i t e  8 = 80s220) .  In  May, l a r g e r  A c a r i  
p o p u la tio n s  w ere o b se rv ed  a t  S i t e  6 (1 5 7 /c o r e ) ’ th a n  a t  
S i t e  8 ( 6 6 /c o r e ) ,
TABLE 9*4* Number o f  m icro  fau n a  in  l i t t e r s  from  a
Mt. B u rr sand  s i t e  (6) and a  t e r r a  ro s s a
t r a n s i t i o n a l  s o i l  s i t e  ( 8 ) .  D ata  ex p ressed
2as number p e r  0.01m .
Month S i t e  8 S i t e  6
C ollem bola A c a r i O ther C ollem bola A c a ri O ther
Ja n . 10 .0 17*9 5*9 3 1 .6 24 .9 5 .4
May 76 .6 8 3 .3 13.3 5 2 .4 182.1 17*8
Aug. 82 .6 136.3 36 .0 1 8 8 .0 166.7 19 .5
Dec. 2 65 .7 112.5 11 .4 100 .2 222.5 8 .3
G eom etric mean ( d e - tran sfo rm e d from mean o f  lo g e (d a ta  + 1 ))
J a n . 0 .7 10 .8 3 .9 13 .8 21 .0 3 .8
May 55-8 66.1 17*1 44*3 157.4 1 5 .6
Aug. 68*7 1 2 5 .6 27*9 132 .5 122.9 15*8
D ec. 224.1 9 1 .0 8 .6 78 .7 200.2 5*5
i
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The ratio of CollembolaxAcari at the two sites is 
shown in Table 9»5* The most striking feature is the change 
in the ratios at the two sites between the January and 
December collections.
TABLE 9*5« Collembola s Acari Ratio,
Transitional Soil Mt. Burr sand





At Site 8 the ratio increased from 0.08 in January 
to 2.46 in December while at Site 6 the ratio decreased 
from 0.70 in January to 0.39 in December. At Site 8 this 
reflected a large increase in the number of Collembola but 
at Site 9 the main increase occurred in the Acari population.
The numbers of animals in the "other" category varied, 
relatively slightly during the year and their contributions 
to the site population differences were generally small.
Most of these animals were beetles (Coleoptera) or spiders 
(Arachnida). Very few millipedes (Diplopoda) were noted.
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9*4' DISCUSSION
No clear relationships have been obtained linking rapid 
organic matter turnover and larger animal populations. 
Earthworm populations were highly aggregated and the 
population variance at each site masked most differences 
between sites. The other faunal populations were 
significantly different in the two sites examined, but the 
relative sizes of the population at each site varied 
during the year making the relationship between these 
differences and the litter turnover rates difficult to 
interpret.
Most animals were either Collembola or Acari, and 
in contrast to P, radiata stands in A.C.T. (Elliot 1970), 
few millipedes were found. The numbers of micro 
anthropods observed at the two sites sampled were comparable 
with the numbers previously recorded by Howard (1967) in 
several stands of differing age and site quality in the 
Mt. Burr forests, Howard considered these populations to 
be slightly smaller, but of the same order as micro 
anthropod populations in coniferous forests elsewhere,
Macfayden (1963) has suggested the low numbers of 
larger animals in mor humus are generally compensated for 
by a corresponding increase in the micro arthropod 
population. This does not appear to have occurred in these
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l i t t e r s  and may explciin  th e  low r a t e s  o f  l i t t e r  d ecom position  
m easured in  th e  f i e l d  (C h ap te r 7 )•  In  te rm s o f d i f f e r e n c e s  
in  l i t t e r  accu m u la tio n s  a t  v a r io u s  s i t e s ,  th e  fauna 
p o p u la tio n s  a r e  p ro b ab ly  a  r e l a t i v e l y  m in o r, i n d i r e c t ,  
component o f  th e  d eco m p o sitio n  p ro cess  in  th e s e  P . r a d i a t a




In South Australian P. radiata stands, relatively 
large amounts of organic matter, containing large weights 
of nitrogen and phosphorus, accumulate on the forest floor 
(Part i). The largest accumulations are found on the sand 
posodsol soils such as Mt. Burr sand and Nangwarry sand, 
and on related soils, such as the Wandilo sand meadow 
podsolics. Smaller litter accumulations are found at 
sites where these sand dune derived soils are transitional 
with other soil types.
In Part II, studies of litter decomposition showed 
that litters from the different stands vary as microbial 
substrates, and consequently, there is also variation in 
the associated level of microbial activity. The rates of 
litter decay by single test fungi and respiration by mixed 
microbial populations are both correlated with the amounts 
of litter accumulated in the field. However, these rates 
are not related to the nitrogen concentrations of the 
litter, although litters with the largest nitrogen 
concentrations do in fact generally have the greatest 
decomposition and respiration rates.
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One o f  th e  p rim ary  f a c to r s  l im i t in g  F - la y e r  l i t t e r  
d eco m p o sitio n  in  th e  f i e l d  i s  p ro b ab ly  th e  a v a i l a b i l i t y  
o f  energy  to  th e  organism s c a u s in g  decay . I t  has been 
su g g e s te d  in  P a r t  I I  th a t  p o ly p h en o ls  form ed in  g reen  
n e e d le s  may ta n  o r complex w ith  l i t t e r  m a te r ia l  th u s  
re d u c in g  th e  amount o f  a v a i la b le  energy  in  th e  l i t t e r  
m a te r i a l .  The a v a i l a b i l i t y  o f n i t r o g e n  may be in f lu e n c e d  
in  a  s im i la r  way. T hus, th e  r e le a s e  o f  o rg a n ic  n i t ro g e n  
from th e  l i t t e r  la y e rs  may be d e te rm in ed  by th e  d eg ree  to  
w hich i t  i s  bound in  po lypheno l com plexes and a ls o  by 
th e  l im i te d  energy  supp ly  a v a i la b le  to  th e  o rganism s 
c a p a b le  o f  n i t r o g e n  m in e r a l i s a t io n .
In  P a r t  I I I ,  th e  p a t te r n s  o f  r e l e a s e  o f  m in e ra l 
n i t r o g e n  from l i t t e r s  from  th e  ran g e  o f  s ta n d s  p re v io u s ly  
exam ined i s  in v e s t ig a te d ,  and th e  r e l a t io n s h ip s  betw een 
a c c u m u la tio n , ty p e  o f  l i t t e r  l a y e r ,  d eco m p o sitio n , 
r e s p i r a t i o n  and n it ro g e n  m in e r a l i s a t io n  a re  d is c u s s e d .
In  C h ap te r 10, th e  r e l a t i v e  r a t e s  o f  n e t t  m in e r a l i s a t io n  
from v a r io u s  l i t t e r s  a re  d e s c r ib e d ,  and in  C h ap te r 11, 
th e  n i t r o g e n  m in e r a l i s a t io n  -  im m o b ilis a tio n  p ro c e s s  in  
two o f  th e  l i t t e r s  i s  in v e s t ig a te d .
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CHAPTER 10
PATTERNS OP NETT NITROGEN MINERAL IS AT ION 
10.1 INTRODUCTION
The availability of organic nitrogen to micro-organisms 
and plants is largely controlled by the relative balance 
between its immobilisation and mineralisation. Immobilisation 
is the process by which mineral nitrogen is assimilated by 
micro-organisms, or is chemically bound by soil or organic 
matter. Mineralisation applies to the breakdown of organic 
nitrogen by micro-organisms and the conversion of this to 
ammonium nitrogen (ammonification) and subsequently to 
nitrate nitrogen (nitrification) . The two processes occur 
continuously while conditions are favourable for biological 
activity, but nitrogen turnover rates are not always rapid.
From studies using the isotope ^N, Jansson (1958) 
has suggested two forms of organic nitrogen occur; part of 
the nitrogen is present in a small nactive pool” and is 
involved in most turnover processes, while the remainder 
is relatively immobile and forms a "passive pool” of organic 
nitrogen. Support for this concept has been provided by 
the work of Tyler and Broadbent (1958), Nommik (1961, 1968), 
Stewart et al. (1963a, 1963b) and Chu and Knowles (1966). 
Freshly introduced plant residues arc- generally more readily 
decomposed than older humus material but during the
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initial decomposition period, substantial amounts of organic 
nitrogen are assumed to enter the passive nitrogen form 
(Mulder et al. 1 9 6 9).
Depending on its chemical composition, the nutrients of 
organic matter may be mineralised, leading to a nett nitrogen 
release, or immobilised. The importance of the carbons 
nitrogen (C/l'l) ratio in governing these two processes lias 
long been recognised. If the ratio is high and carbon (energy) 
is readily available, all nitrogen will be immobilised. If 
on the other iiand, there is little available energy, a 
continuous process of nitrogen mineralisation may occur.
The nett direction of the mineralisation - immobilisation 
reaction depends on the relative availability of these two 
elements. However, although broad generalisations can be 
made of the influence of the C/N ratio on nett mineralisation, 
the ratio alone is not sufficiently precise to allow a 
general prediction of mineralisation rates from organic 
material, and other factors can influence the pattern.
Peevy and Norman (1948) lor instance, have shown that for a 
given C/N ratio, nett nitrogen mineralisation from organic 
matter decreased with an increasing lignin content.
Single measurements of the mineral nitrogen content 
of organic matter are not a reliable index of the nett 
mineralisation pattern and only the rates of nett
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m in e r a l i s a t io n  w ith  tim e can  in d i c a te  th e  r e l a t i v e  
a v a i l a b i l i t y  o f  o rg a n ic  n i t r o g e n  to  p la n ts  (Harmsen and van 
S chreven  1955)» These r a t e s  can  be a s s e s se d  by in c u b a tin g  
th e  m a te r ia l  u n d er c o n t ro l le d  c o n d i t io n s .  The r e le a s e  r a t e  
o f  n i t ro g e n  th u s  m easured does n o t in d ic a te  th e  a c tu a l  
r e l e a s e  of n i t r o g e n  from s o i l  o r  l i t t e r  m a te r ia l  in  th e  f i e l d ,  
b u t does in d i c a te  th e  p o te n t i a l  r a t e  o f m in e r a l i s a t io n  from 
d i f f e r e n t  m a te r ia l s  under th e  same c o n d itio n s  (Harmsen and 
van  Schreven 1955)*
Two ap p ro ach es  were used  to  in v e s t ig a t e  th e  n e t t  
m in e r a l i s a t io n  o f  n i t ro g e n  from v a r io u s  l i t t e r  m a te r i a l s .  In  
th e  f i r s t  o f  th e s e ,  n e t t  m in e r a l i s a t io n  was d e te rm in e d  by 
m easu rin g  th e  g row th  and n i t r o g e n  u p ta k e  o f  P . r a d i a t a  
s e e d lin g s  d ependen t fo r  n u t r i t i o n  on th e  n u t r i e n t s  r e le a s e d  
from  l i t t e r .  I n  th e  second s tu d y , th e  a c tu a l  p ro d u c tio n  
r a t e  and form s o f  in o rg a n ic  n i t r o g e n  were a n a ly se d  in  th e  
same l i t t e r s  in c u b a te d  in  th e  la b o ra to r y .
10 .2  PLANT UPTAKE OP LITTER NUTRIENTS
The r e l a t i v e  n u t r i e n t  r e l e a s e  r a t e s  from  v a r io u s  
P - la y e r  l i t t e r s  w ere examined in  two s e p a ra te  in v e s t ig a t io n s .  
The te c h n iq u e  u sed  a s s e s s e s  d i f f e r e n c e s  in  th e  r a t e  a t  
w hich l i t t e r  n u t r i e n t s  a re  m in e ra l is e d  and become 
a v a i la b le  to  p la n ts  by m easu rin g  th e  r e l a t i v e  y ie ld s  o f 
s e e d lin g s  (a s  d ry  w eigh t o r as  n u t r i e n t  c o n te n t)  grown 
in  th e  v a r io u s  l i t t e r s .  The f i r s t  s tu d y  was c a r r i e d  ou t
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by D r. R.G. F lo re n c e  and i s  b r i e f l y  sum m arised h e re  because 
th e  r e s u l t s  have im p o rtan t im p lic a t io n s  f o r  th e  subseq u en t 
s tu d i e s .
1 0 .2 .1  L i t t e r s  from  sand pod so l s o i l s
S e e d lin g s  w ere grown in  p o ts  c o n ta in in g  l i t t e r  from 
th e  SQII and SQV age sequences u sed  in  th e  s tu d y  o f  l i t t e r  
a c c u m u la tio n ; t h a t  i s  SQII and SQV s ta n d s  aged 10, 20, 30 
and 40 y e a rs  r e s p e c t iv e ly .  Four n u t r i e n t  tr e a tm e n ts  were 
a p p l ie d  to  th e s e  l i t t e r s s -
( i )  Com plete n u t r i e n t  a d d i t io n  ( s e e  A ppendix 4)
( i i )  Com plete n u t r i e n t ,  l e s s  n i t ro g e n
( i i i )  Com plete n u t r i e n t ,  l e s s  phosphorus
( iv )  C o n tro l ,  no a d d i t io n s
The p la n t  grow th re sp o n se s  in d ic a te d  t h a t  n u t r i e n t s  
w ere r e le a s e d  from  l i t t e r s  a t  s u b s t a n t i a l l y  d i f f e r e n t  r a t e s  
and th a t  n i t r o g e n  was more l i m i t i n g  th a n  phosphorus (T ab le  
10* 1 ) ;  t h a t  i s ,  n i t r o g e n  was m in e ra lis e d  from l i t t e r  and 
became a v a i l a b l e  to  p la n ts  more s lo w ly  th a n  p h o sp h o ru s.
The most r a p id  grow th  in  th e  u n t r e a te d  l i t t e r s  o c c u rre d  
in  th o se  from  th e  SQII s i t e s .
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TABLE 10.1 Weight of P. radiata seedlings grown in litter 
from SQII and SQV stands of various ages. 
(Weight as gm/pot, based on 4 replicates).
Stand Age 10 years 20 years 30 years 40 years
(i) Litter from SQII stands
Control 2 .5 2 5 3.133 5.275 3 .6 7 5
Complete nutrients 9.367 10.375 8 .7 3 7 1 0 .9 0 0
Complete - N 2.750 4.137 6.262 4.300
Complete - P 7.550 6 .2 1 2 7.162 7.275
(ii) Litter from SQV stands
Control 2 .1 5 0 2 .3 0 0 3.462 1.788
Complete nutrients 9.712 9.737 9.875 7 .6 1 2
Complete - N 2.625 3.112 4.237 2.375
Complete - P 5 .3 8 7 5 .5 8 3 6.600 3.750
Differences between nutrient treatments significant at P < 0.1$
L.S.D. P < j/o = 0.390 
P < V/o = 0.517
10.2.2 Litters from sites with different soil profiles 
The second investigation was carried out using the 
series of F-litters from stands on different soil profiles 
having approximately similar site productivities. Litters 
were collected in December from the sites previously 
sampled to measure litter accumulation (Chapter 2, Table 
2.4)* These were mixed with perlite to improve aeration
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(litters perlite = 5^4) and moderately compacted in 5in 
plastic pots with a gravel layer in the bottom to allow 
drainage. The pots were sown with P. radiata seed of uniform 
weight and placed in the glasshouse. Eight replicates of 
each litter were used. No nutrients were added.
The seedlings were harvested and oven dried (80°C) 
after 25 weeks growth. The roots and shoots were separated, 
and those from each litter were bulked and ground. An 
analysis of nitrogen was made using the method described 
in Section 3*2.1 and the weight of nitrogen uptake calculated 
for the seedlings grown in each litter.
Results: There were large differences in the growth of
P . radiata seedlings in litters associated with the different 
soils. The growth of seedlings in litters from Nangwarry 
sand and Mt. Burr sand was generally less than seedlings in 
litters from the soils transitional between these sands and 
terra rossa, (Fig. 10.1). Thus the Nangwarry and Mt. Burr 
sand litters produced about 4gni of plant material in each 
pot while the transitional soil litters produced dry weights 
ranging between 5*60 and 6.35 gms, that is a difference 
of 40-60^. Production in litters from the terra rossa 
and other soils varied over the range between these sand 
and transitional soil extremes. Surprisingly, the 
Nangwarry sand - Wandilo sand transitional litter (Site 2),
60
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w hich  e a r l i e r  a n a ly se s  had shown to  have a  la rg e  n u t r i e n t  
c o n c e n tra t io n , p roduced  r e l a t i v e l y  l im ite d  s e e d l in g  grow th.
A s im i la r  p a t t e r n  i s  e v id e n t when th e  r e s u l t s  were 
ex p re ssed  as s e e d lin g  n i t r o g e n  u p ta k e  (F ig . 1 0 .1 ) ;  th e  
Nangwarry and Mt. B urr sand l i t t e r s  had sm all n i t r o g e n  
u p ta k e s  (ab o u t 45 mgm) w h ile  th e  s e e d lin g s  grown in  
t r a n s i t i o n a l  s o i l  l i t t e r s  had l a r g e  n it ro g e n  u p ta k e s  (75 mgm.). 
An unexpected  grow th re sp o n se  was observed  in  s e e d lin g s  
grown in  th e  l i t t e r  from  th e  Nangwarry sand  -  W andilo sand 
t r a n s i t i o n a l  s o i l ;  d e s p i te  a  l a r g e  t o t a l  n i t r o g e n  and r a p id  
deco m p o sitio n  in  th e  f i e l d ,  n i t r o g e n  r e le a s e  from  t h i s  l i t t e r  
was e v id e n tly  slow .
S e v e ra l s e e d lin g  g r o w t h - l i t t e r  c h a r a c t e r i s t i c  
c o r r e l a t i o n s  were exam ined. A s t r o n g  c o r r e l a t i o n  e x is te d  
betw een s e e d lin g  d ry  w eigh t and s e e d l in g  n i t r o g e n  c o n te n t 
( r  = 0 .872  s ig n i f i c a n t  a t  P < 0 .1 $ ) ,  b u t th e re  was no 
c o r r e l a t i o n ,  found betw een p la n t  grow th and l i t t e r  n i t ro g e n  
c o n c e n tr a t io n .
These p o t s tu d ie s  in d ic a te  th e  c o n s id e ra b le  
v a r i a b i l i t y  i n  "he r e l a t i v e  n i t r o g e n  r e le a s e  r a t e s  from 
v a r io u s  l i t t e r s ,  b u t do n o t i n d i c a t e  th e  p a t te r n s  o f  n e t t  
m in e r a l i s a t io n  v i th  tim e o r th e  form s o f  in o rg a n ic  n it ro g e n  
r e le a s e d .  S tu d ie s  to  i n v e s t ig a t e  th e se  p a t te r n s  a re  
d e s c r ib e d  below .
1 0 .3  INCUBATION STUDIES
Two in c u b a tio n  s tu d ie s  w ere c a r r i e d  ou t to  m easure th e  
p a t t e r n  o f n e t t  n i t r o g e n  m in e r a l i s a t io n  in  L and F - l i t t e r s .
The l i t t e r s  in c u b a te d  were from th e  fo llo w in g  s i t e s s -
( i )  SQII and SQV s ta n d s  on sand dune s o i l s
(meadow p o d so lic s  and M t. B urr sands r e s p e c t iv e l y ) .  
F or each  SQ,, l i t t e r s  w ere c o l le c te d  from  s ta n d s  
aged 10, 20, 30 and 40  y e a r s .
( i i )  SQII s ta n d s  on v a r io u s  s o i l  p r o f i l e s  a t  S i t e s  
1-14 (T ab le  2 .4 ) .
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1 0 .3 .1  Methods
( a ) L i t t e r s  from  SQ II and SQV s ta n d s  on sand  dune s o i l s
L i t t e r s  w ere sampled from each  s i t e  in  May 1968. A f te r  
a i r  d ry in g  and m ix in g , 15gm o f each  l i t t e r  w ere w eighed in to  
g la s s  j a r s  12cm x 7cm. Subsam ples o f  th e  a i r  d r ie d  l i t t e r s  
w ere oven d r ie d  (80°C) to  c a l c u la te  th e  oven d ry  e q u iv a le n t  
w e ig h ts  o f  th e  s ta n d a rd  sam ples. T hese f ig u r e s  w ere f u r th e r  
c o r r e c te d  f o r  th e  v a r ia b le  sand c o n te n ts  by th e  te c h n iq u e  
d e s c r ib e d  in  S e c t io n  2* 3 .1 . L i t t e r  f i e l d  c a p a c i ty  was 
a s s e s se d  by d r a in in g  s a tu r a te d  l i t t e r  f o r  24 h o u rs  and th e  
m o is tu re  c o n te n t  o f  th e  l i t t e r s  in  th e  j a r s  was a d ju s te d  
to  about 60tfo o f  t h i s  v a lu e  w ith  g la s s  d i s t i l l e d  w a te r .  
P e r io d ic  a d d i t io n s  o f  w ate r w ere made to  m a in ta in  th e
m o is tu re  c o n te n t  o f  th e  l i t t e r  a t  t h i s  l e v e l .  The j a r s
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were loosely covered with screwtop lids and incubated in a 
constant temperature room maintained at 20° + 1°C for 90 days. 
The method of litter incubation was adopted following a review 
of a number of nitrogen mineralisation studies and is based 
on that suggested by Harmsen and van Schreven (1955)«
Mineral nitrogen was extracted by shaking litter samples 
for 1 hour with 75ml of 1N potassium chloride. While analysis 
proceeded, these extracted solutions could be stored at 4°C 
without a significant loss of nitrogen (Robinson 19&7,
Brcmner 1965)» Ammonium, and nitrite plus nitrate nitrogen 
were assessed in a 30ml aliquot using the micro-Kjeldahl 
method described by Freney and 7/etselaar (1967)» Ammonium 
nitrogen was determined by distilling the extract in the 
presence of magnesium oxide and collecting the ammonia in a 
boric acid solution. After titration, Devarda's alloy was 
added to the extract and nitrite plus nitrate nitrogen 
collected following further distillation. Separate nitrite 
determinations were not made and the combined nitrate and 
nitrite fraction will subsequently be referred to only as 
mineralised nitrate. Duplicates of each litter were analysed 
at ea.ch sampling date, except at the final measurement when 
three replicates were used. The amount of mineral nitrogen 
extracted at each sample time is shown in Table 10.2, 10.3 
and Fig. 10.2 (only F-litters with significant amounts of 
inorganic nitrogen are illustrated).
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(b) Litters from SQ.II stands on various soil profiles
The litters were collected in the field in December 
1968. A number of samples for the zero time analysis were 
placed in an icebox before transport to the laboratory in an 
effort to measure the mineral nitrogen contents normally 
present in the field. Otherwise the methods used were the 
same as those described above. As the two collections were 
made at different times of the year, the nett mineralisation 
rates from the litters in each collection are not directly 
comparable and each will be discussed separately. The 
results are shown in Table 10.4 and Fig. 10.3.
10.3.2 Nett mineralisation in litters from sand dune soils 
(a) L-layer litter
Most L-layer litters released very little inorganic 
nitrogen during the incubation period and few contained more 
than 30ppm of ammonium nitrogen or 20ppm of nitrate nitrogen 
at any one time. The two exceptions were litters from the 
younger SQII stands (10 and 20 years). These released 
increasing amounts of mineral nitrogen as incubation 
continued, and by 90 days, contained 623ppm and 557ppra 
respectively (Table 10.2). In both litters, most of this 
was present in the form of nitrate nitrogen.
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TABLE 1 0 ,2 . N e tt  n i t r o g e n  m in e r a l i s a t io n  (ppm) in  L - la y e r  
l i t t e r  from SQ.II s ta n d s  aged 10 and 20 y e a r s .  
V a lu es  r e p re s e n t  means o f two m easurem ents, 
e x c e p t th o se  a t  90  days in c u b a tio n  w hich r e p re s e n t  
means o f th r e e  m easurem ents
Days incubation 10 20 35 60 90 + S td . Error
10 year o ld  stand 31 72 51 129 623 + 119
20 year o ld  stand 40 86 62 215 557 + 144
(b ) F - la y e r  l i t t e r
Ammonium n i t r o g e ns Most a ram o n ifica tio n  o c c u rre d  in  l i t t e r s  
from  SQ,II s ta n d s .  I n  th e s e  s ta n d s ,  ammonium n i t r o g e n  was 
e x t r a c te d  in  in c r e a s in g  amounts a s  in c u b a tio n  p ro ceed ed . 
However, a  maximum c o n c e n tra t io n  was reach ed  d u r in g  th e  90 day 
p e r io d  and su b se q u e n tly  th e  amount p re s e n t  d e c re a se d . Thus 
th e  SQII l i t t e r s  from s ta n d s  aged 10, 20 and 30 y e a rs  a l l  
c o n ta in e d  maximum ammonium n i t r o g e n  c o n te n ts  a f t e r  20 days 
in c u b a tio n  (l76ppm , 366ppm and 345ppm r e s p e c t iv e ly )  w h ile  
th e  l i t t e r  from  th e  40  y e a r -o ld  s ta n d  reac h ed  a  peak (380ppm) 
a f t e r  60 days in c u b a tio n .  A f te r  90 days in c u b a t io n ,  th e  
SQII l i t t e r s  c o n ta in e d  betw een 38ppm and 144PP® o f  ammonium 
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In most SQV litters, ammonium nitrogen continued 
to gradually accumulate throughout the incubation period and 
the maximum amounts (between 50ppm and 104ppm) were found 
at the end of the incubation after 90 days. The litter from 
the SQV 30 year-old stand differed from this pattern by 
mineralising ammonium nitrogen at a similar rate to many 
SQII litters. Thus a maximum ammonium nitrogen content 
(375ppn) was found in this litter after 60 days incubation 
and the concentration subsequently decreased to I04ppm at 
90 days.
Nitrate Nitrogen; Nitrification was most rapid in SQII 
litters and those from the 10, 20 and 30 year old stands in 
particular produced increasing amounts of nitrate nitrogen 
after 20 days incubation (Fig. 10.2b). Thus after 90 days 
these litters contained 1,000ppm, 760ppm and 860ppm of nitrate 
nitrogen respectively. Little nitrification occurred in SQV 
litters until after 60 days incubation, and then only in 
those from the 10 and 30 year old stands. These contained 
220ppm and 660ppm after 90 days incubation, while the 
remaining SQV litters had less than 60ppm of nitrate nitrogen.
An analysis of variance of the nitrate nitrogen 
extracted after 90 days incubation showed a significant 
difference between SQII and SQV litters (Table 10,3). 
Significant differences occurred between the litters from 
different stands, but there was no clear relationship 
between nitrification rate and stand age.
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TABLE 1 0 .3 .  N e tt n i t ro g e n  m in e r a l i s a t io n  (ppm) a f t e r  90 
days in c u b a tio n  o f  F - la y e r  l i t t e r s  from  SQII 
and SQV s ta n d s , aged  10, 20, 30 and 40 y e a r s ,  
(means o f  3 r e p l i c a t e s )
S ta n d  age 10 yeaxs 20 y e a rs 30 y e a rs  40 y e a rs
( i )  L i t t e r  from  SQII s ta n d s
NH „ -  N 38 64 109 144
N03 -  N 1002 764 857 538
T o ta l  N 1040 828 966 682
( i i )  L i t t e r  from  SQV s ta n d s
NH4 -  N 83 50 87 70
NO -  N 267 28 776 58
T o ta l 350 78 863 128
A n a ly s is  o f V a r ia n c e %
(a )  NII^ -  Ns d i f f e r e n c e s  no t s ig n i f i c a n t
(b ) NO.. -  N itro g e n (0) ■T o ta l m in e ra l n i t r o g e n
J SQ Stand  age SQ S tan d  age
S i g n i f  ic a n c  e ■*** * * • * * -  *
l . s . d . , f <:5^ 217 307 234 331
P d / o  299 423 322 456
T o ta l  in o rg a n ic  n i t r o g e n ; The t o t a l  in o rg a n ic  n i t r o g e n  c o n te n t 
o f a l l  SQII l i t t e r s  a f t e r  90 days in c u b a tio n  v a r ie d  betw een 
680ppm and 1040ppm. The l i t t e r  from  th e  30 y e a r - o ld  SQV 
s ta n d  c o n ta in e d  860ppm, b u t a l l  o th e r  SQV l i t t e r s  h e ld  le s s  
th a n  350ppm (T a b le  1 0 .3 ) .  A n e a r  l i n e a r  n e t t  m in e r a l i s a t io n  
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Significant differences existed between the total 
mineral nitrogen in SQII and SQ,V litters and also between 
litters from different stands. Again however, these 
mineralisation patterns were not related to increasing stand 
age.
10.3.3 Nett mineralisation in litters from stands on 
various soil profiles
The amount of inorganic nitrogen extracted from the soil 
series litters at the time of their arrival at the laboratory 
and the commencement of incubation was less than that 
measured in the first incubation study. This may reflect 
a difference in the seasonal mineralisation pattern in the 
field, but possibly also represents a diminution of 
mineralisation during transportation from the field to the 
laboratory in the ice-box.
(a) L-layer litters
As in the previous study, little ammonium nitrogen 
was extracted at any time during the 90 day incubation and 
the greatest amount measured in these L-litters from 
30-40 year stands was less than 50ppm. Of the small amounts 
present, most were from litters from sand - terra rossa 
transitional soil sites (Table 10.4). Similarly, very 
little nitrate nitrogen was measured during the incubation 
period and again the maximum amounts found (29ppm) were in 
litters from transitional soil sites.
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(b) F-layer litters
Ammonium nitrogens In some litters early ammonification was 
rapid and more than 500ppm of ammonium nitrogen were 
extracted soon after incubation commenced. In others, 
ammonification occurred slowly. Two broad patterns can be 
distinguished (Fig, 10.3a).
(i) a rapid increase in the amount of extractable 
ammonium, reaching a maximum of 540ppm after 
35 days and then decreasing with further 
incubation. Ail litters exhibiting this pattern 
were from transitional sand - terra rossa soils.
(ii) a gradual, and in most cases, smaller rise in 
extractable ammonium continuing over the 90 days 
incubation period. Within this group, the 
Nangwarry sand, a Mt. Burr sand, the Wandilo 
sand and one of the terra rossa litters contained 
less than IQOppm at the end of the incubation 
period; another Mt. Burr sand, a terra rossa and 
the Nangwarry sand - Wandilo sand transitional 
contained 200-300ppm, and a sandy meadow podsol, 
550ppm.
Nitrate nitrogens The amount of nitrification also varied 
markedly in different litters (Fig. 10.3b). Again two 










Fig- / Q 3( b )  ■ Nitrate nitrogen extracted during incubation of 
litter from the Soil series sites.
Litters from sites with soils transitional with 
terra rossas shown by blackened symbols.
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TABIE 10.4» N e tt  n i t ro g e n  m in e r a l i s a t io n  (ppm) a f t e r  JO days 
in c u b a tio n  o f L and F - la y e r  l i t t e r s  from 30 
y e a r - o ld  SQII s ta n d s  
(means o f th r e e  r e p l i c a t e s ) .
S i t e  S o il ™ 4 -  N N0-. -  N T o ta l
type L* F* L F L F
1 Nangwarry sand 1 55 - 20 1 75
5 Mt. B urr sand 16 205 - 18 16 227
6 M t. B urr sand - 206 - 25 - 231
7 T a n t. f l i n t y  sand 1 49 253 1 303
12 T e rra  r o s s a 11 55 - 240 11 295
13 T e rra  r o s s a - 309 - 476 - 785
10 T r a n s i t io n a l 30 251 2 707 32 957
8 T r a n s i t io n a l 48 276 - 618 48 894
11 T r a n s i t io n a l 9 190 9 498 18 687
4 S . meadow pod so l 5 561 - 577 5 1138
3 V/andilo sand - 59 - 390 - 449
2 Nang. -  v /and ilo
t r a n s i t i o n a l — 190 — 31 - 221
S ig n if ic a n c e ** **
L. S. D. P < % 222 245 300
P < 1 °/o 302 333 409
* L - la y e r ; F - la y e r
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( i )  l i t t e r s  w hich produced  l i t t l e  n i t r a t e  n i t ro g e n  
( i . e . ,  l e s s  th a n  30ppm) th ro u g h o u t th e  90 day 
in c u b a t io n .  T h is  in c lu d e d  most o f  th e  l i t t e r s  
from sand  podso l s i t e s  ( e .g .  Nangwarry sand , Mt. 
B u rr sand) as  w e ll as  th e  Nangwarry -  W andilo 
sand t r a n s i t i o n a l  s i t e .
( i i )  l i t t e r s  w hich commenced n i t r i f i c a t i o n  a f t e r  
ab o u t 15 days in c u b a tio n  and w hich produced 
in c r e a s in g  amounts o f n i t r a t e  n i t r o g e n  a f t e r  60 
days in c u b a tio n .  A t 90 days th e s e  l i t t e r s  
c o n ta in e d  betw een 200ppm and 700ppm o f n i t r a t e  
n i t r o g e n .  T h is  group in c lu d ed  l i t t e r s  from th e  
t e r r a  r c s s a  t r a n s i t i o n a l  s i t e s  a s  w e ll as  th o se  
from  th e  W andilo sand  and sandy meadow p o d so ls .
I
T o ta l  in o rg a n ic  n i t r o g e n s The t o t a l  n e t t  m in e r a l i s a t io n  r a t e  
was s lo w es t in  l i t t e r s  from  th e  sand  podso l s i t e s  and most o f  
th e s e  c o n ta in e d  l e s s  th a n  300 ppm a f t e r  90 days in c u b a tio n . 
T hus, th e  Nangwarry sand l i t t e r  c o n ta in e d  75PP^> two Mt.
B u rr sand l i t t e r s  had 230ppm and th e  T an tan o o la  f l i n t y  sand 
c o n ta in e d  300ppm. O ther l i t t e r s  w ith  sm all am ounts o f 
m in e ra l n i t r o g e n  in c lu d e d  one o f  th e  t e r r a  r o s s a  l i t t e r s  
from  a  poor s i t e  ( S i t e  12) w ith  295pp£i and l i t t e r  from th e  
Nangwarry sand  -  W andilo sand  t r a n s i t i o n a l  s o i l  s i t e  (220ppm). 
The slow  n e t t  m in e r a l i s a t io n  m easured in  th e  Nangwarry -  
W andilo l i t t e r  r e p e a ts  th e  n i t r o g e n  r e le a s e  p a t t e r n  shown 
i n  th e  p re v io u s  s e e d lin g  u p ta k e  s tu d y  (S e c t io n  1 0 .2 ,2 ) .
o 4
Fig-103(c). Total nett mineral nitrogen extracted during
incubation of soil series litters. Litters from 
sites with soils transitional with terra rossas 
shown by blackened symbols.
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Large amounts o f in o rg a n ic  n i t ro g e n  w ere r e le a s e d  from 
th e  sand -  t e r r a  ro s s a  t r a n s i t i o n a l  s o i l  l i t t e r s  and th e  
sandy meadow p o d so l. At 90 d ay s , th e s e  c o n ta in e d  up to  
1140ppm (P ig . 1 0 .3 c ) .
T here was a  s tro n g  r e l a t i o n s h ip  betw een th e  n e t t  
m in e r a l i s a t io n  m easured a f t e r  90  days in c u b a tio n  and th e  
s e e d l in g  grow th in  th e  same l i t t e r s ,  r e p o r te d  in  th e  
g la ssh o u se  b io a s s a y  in  S e c tio n  1 0 .2 .2  ( r  = 0 .8 4 0 , P < 0 .1 $ ) .
10.3.4 R e la t io n s h ip  betw een l i t t e r  n i t ro g e n  c o n c e n tra t io n  
and n e t t  m in e r a l i s a t io n
The r e l a t io n s h ip s  betw een l i t t e r  n i t r o g e n  c o n c e n tra t io n  
and n e t t  m in e r a l i s a t io n  a f t e r  s u c c e s s iv e  p e r io d s  o f  in c u b a tio n  
i s  shown in  T a b le  1 0 .5 . In  L - la y e r  l i t t e r s ,  s i g n i f i c a n t  
c o r r e la t io n s  betw een th e  two p a ram e te rs  w ere o b se rv ed  a f t e r  
35 days in c u b a t io n .  No s i g n i f i c a n t  c o r r e la t io n s  w ere found 
among th e  F - la y e r  l i t t e r s .  In  b o th  L and F - la y e r  l i t t e r s  
how ever, th e  c o r r e l a t i o n  im proved w ith  in c re a s in g  
in c u b a tio n  t im e . T h is may r e f l e c t  an in c re a s in g  a v a i l a b i l i t y  
o f  o rg a n ic  n i t r o g e n  as p o ly p h e n o l-p ro te in  com plexes a re  
decomposed by s p e c ia l i s e d  m ic ro -o rg an ism s .
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TABLE 10.5« Correlation coefficients between litter nitrogen 
concentration and nett mineral nitrogen 
(expressed as a percentage of the original total 
nitrogen concentration).
Days incubation 10 35 60 90
L-layer 0.159 0.679* 0.857** 0.894**-*
F-layer -0.342 O.O46 0.189 0.304
Significance at P < 5%*; P < 1$**; P < 0.1%***
10.4 DISCUSSION
Although the actual rates of mineral nitrogen release 
in the field may be substantially less than the rates 
measured in the laboratory due to sub -optimal environmental 
conditions, laboratory rates may be accepted as some guide to 
the relative nitrogen release rates to be expected in the 
field (Harmsen and van Schreven 1955) •
The broad conclusions resulting from the studies of 
nitrogen mineralisation are as follows s
(i) Most L-layer litters release relatively little 
nitrogen, the only exceptions being the 
younger L-laycr litters from the better site 
quality stands (SQ.II, aged 10 and 20 years).
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(ii) Within the age sequence of SQII and SQ.V 
F-layer litters, all on sand dune and related 
(meadow podsolic) soils, considerably more 
nitrogen is released from the F-layer litters 
from the better quality stands, i.e. generally 
stands on meadow podsols rather than sandy 
podsol soils.
(iii) Within the F-layer litters from stands of 
similar site quality on different soils, nett 
mineralisation is least in litters from the sand 
podsol sites (including the Nangwarry sand - 
Wandilo sand transitional) and greatest in 
litters from the sand - terra rossa transitionals 
and meadow podsolics.
An important feature of these litter/nett mineralisation 
patterns is the way they differ from the patterns established 
in studies of litter decay (using test fungi) and 
microbial activity (respiration), using the same 
litters. These differences are summarised as follows:-
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Comparative rates of nett 
N mineralisation
Comparative rates of litter 
decay and microbial activity
I L-layer litters
Nett mineralisation much Litter decay and microbial
less in L than F litters activity much greater in
(with exception of young 
L-litters from 10 and 20 
year SQII stands).
L than F-layer litters.
II F-layer litters
(a) Stands in SQ-age sequence
(SQII on meadow podsolics and 
Mt. Burr sand, SQV on Mt.
Burr sand)•
Nett mineralisation in 
SQII stands greater than in
Litter decay greatest in SQV 
stands; microbial activity
SQV stands; nitrification 
considerably greater in the 
SQII stands.
greatest in younger SQII 
stands, but in older stands 
activity similar in SQII
(b) Stands in soil series 
(SQ constant)
and SQV stands.
Nett mineralisation rate 
slowest in litters from
Decay rate and respiration 
greatest in litters from
sand podsol sites (Mt. Burr transitional soils and least
sand, Nangwarry sand, and in litters from sand podsol
including the Nangwarry 
sand - Wandilo sand trans-
sites, that is with 
exception of Nangwarry sand
itional), nett mineralisation - Wandilo sand transitional, 
greatest in litters from sand decay, respiration and nett
- terra rossa transitional mineralisation rates tend to
soils. be parallel.
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T his summary o f r e l a t i o n s h ip s  betw een decay  and 
r e s p i r a t i o n  (w hich ten d  to  be s im i la r )  and n e t t  m in e r a l i s a t io n  
shows no c o n s is te n t  p a t t e r n .
In  th e  ca se  o f  L -la y e r  l i t t e r s ,  i t  i s  l i k e l y  t h a t  more 
so u rc e s  of m ic ro b ia l  energy a r e  a v a i la b le  th a n  in  F - la y e r  
l i t t e r ,  bu t any in o rg a n ic  n i t r o g e n  m in e ra lis e d  a s  a  r e s u l t  
o f  t h i s  a v a i l a b i l i t y  o f energy  i s  r a p id ly  im m ob ilised  in  
m ic ro b ia l t i s s u e *
In  th e  ca se  o f  F - la y c r  l i t t e r s ,  th e  c o n t r a s t in g  
p a t te r n s  o f l i t t e r  d e c a y / r e s p i r a t io n  and m in e r a l i s a t io n  
a re  more d i f f i c u l t  to  e x p la in .  In  some l i t t e r s ,  r a t e s  o f  
decay  and m ic ro b ia l  a c t i v i t y  a r e  r e l a t i v e l y  la r g e ,  w h ile  
r a t e s  o f n e t t  n i t r o g e n  m in e r a l i s a t io n  a re  r e l a t i v e l y  v e ry  
slow  ( e .g .  SQV l i t t e r s  on Mt. B u rr s a n d s ) .  In  o th e r  l i t t e r s  
th e  re v e r s e  a p p l ie s  -  th a t  i s ,  r a t e s  o f n e t t  n i t r o g e n  
m in e r a l i s a t io n  a r e  r e l a t i v e l y  r a p id  and th e  r a t e s  o f  
d e c o m p o s itio n /m ic ro b ia l a c t i v i t y  r e l a t i v e l y  slow  ( e .g .  SQII 
l i t t e r s  on meadow podso ls) ; and y e t  a g a in , some l i t t e r s  
have r e l a t i v e l y  h ig h  r a te s  o f b o th  d e c o m p o s itio n /m ic ro b ia l 
a c t i v i t y  and n e t t  n i t ro g e n  m in e r a l i s a t io n  ( e .g .  sand  -  t e r r a  
r o s s a  t r a n s i t i o n a l s ) •  The fo llo w in g  h y p o th e s is  i s  
su g g e s te d  to  e x p la in  th e se  c o n t r a s t s ? -
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L i t t e r  has two com ponents
( i )  a f r a c t i o n  in  w hich o rg a n ic  m a tte r ,  in c lu d in g  
n i t r o g e n ,  i s  im m obilised  and u n a v a i la b le  as a 
s u b s t r a t e  f o r  m ic ro b ia l  a c t i v i t y .  T h is  may be 
caused  by l e a f  o r l i t t e r  po lypheno l ta n n in g  o r 
eom plexing  w ith  l i t t e r  m a te r ia l  (s e e  C hap ter 5)»
( i i )  a  f r a c t i o n  w hich i s  a v a i la b le  as  a  s u b s t r a t e  
f o r  m ic ro b ia l  a c t i v i t y .
The r e l a t i v e  p ro p o r tio n s  o f  th e s e  two f r a c t i o n s  v a ry  
from  l i t t e r  to  l i t t e r .  M oreover, w ith in  th e  f r a c t i o n  a v a i la b le  
a s  a  m ic ro b ia l s u b s t r a t e ,  th e r e  may be some v a r i a t i o n  in  th e  
n i t r o g e n  c o n c e n tr a t io n  and hence th e  p o te n t ia l  f o r  
a c c u m u la tio n  o f  in o rg a n ic  n i t r o g e n  th ro u g h  m ic ro b ia l  a c t i v i t y .  
T h is  d i f f e r i n g  d eg ree  of p o ly p h en o l eom plexing c o u ld  be a  
consequence o f th e  d i f f e r e n t i a l  e f f e c t s  o f p o ly p h en o ls  on 
p r o te in  and n o n -p ro te in  m a te r i a l s .  For exam ple, a lth o u g h  
H andley ( 1954) su g g es ted  l e a f  ta n n in s  reduced  decay  by 
c o a t in g  and im p re g n a tin g  l i t t e r  m a te r ia l  w ith  ta n n in  p r o te in  
com plexes, B e n o it and S ta rk e y  (1968) and B en o it e t  a l .  (1968) 
d i s t in g u is h e d  betw een th e  e f f e c t s  o f  ta n n in s  on w hole 
l e a f  m a te r ia l  and on th e  n o n -p ro te in s  in  t h i s  m a te r i a l .
They found  th e  eom plexing o f  n o n -p ro te in s  in  p la n t  m a te r ia l  
was in d e p e n d e n t o f th e  n it ro g e n  c o n te n t .
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The litters examined in these studies may fall into
four broad categories, as followss-
A. Mor type litter-layer
(i) A relatively larger fraction of litter organic 
matter available as a microbial substrate, but this 
fraction has a small nitrogen concentration - e.g.
SQV litter on Mt. Burr sand. In this way, decomposition 
and microbial activity are maintained at rates greater 
than (ii) below, but there is little nett 
mineralisation of nitrogen.
(ii) Relatively smaller fraction of litter organic 
matter available as a microbial substrate, but this 
fraction has a larger nitrogen concentration - e.g.
SQ.II litter from 20 or 30 year old stands on meadow 
podsolic sites. In this way decomposition rates are 
less than (i) above, but the nett mineralisation rates 
of nitrogen are greater.
B. Mull type litter-layer
(i) A relatively larger fraction of litter organic 
matter available (similar to A (i) above), together 
with a large nitrogen concentration in this component, 
(similar to A (ii) above); e.g., some of the sand - 
terra rossa transitional soil litters. In this way 
the rate of decay, respiration and nett nitrogen 
mineralisation are at the higher end of their
respective ranges
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( i i )  Only th e  Nangwarry sand  -  W andilo sand l i t t e r  
is  p laced  in  t h i s  c a te g o ry .  T h is  i s  an  u n u su a l 
l i t t e r .  I t  i s  a m ull ty p e  l i t t e r  la y e r ,  w ith  a 
la rg e  n i t r o g e n  c o n c e n tra t io n  and a  r a p id  decay  r a t e  -  
y e t th e  n e t t  m in e r a l i s a t io n  r a t e  i s  s low . In  some 
ways t h i s  l i t t e r  behaves more as an L - la y e r  l i t t e r  
th an  as an F - Ia y e r  l i t t e r  and indeed  th e  s e p a ra t io n  
o f t h i s  p a r t i c u l a r  l i t t e r  in to  th e  L and F - la y e r  
components (C h ap te r 2) may n o t have been a p p ro p r ia te ;  
th e re  was v e ry  l i t t l e  ty p i c a l  "m atted" F - l i t t e r  on 
t h i s  s i t e  and to o  much m a te r ia l  in te rm e d ia te  betw een 
ty p ic a l  L and ty p ic a l  F - l i t t e r  may have been  in c lu d ed  
in  th e  F - l i t t e r  com ponent.
Many a u th o rs  have n o ted  d i f f e r e n c e s  in  th e  n e t t  n i t r o g e n  
m in e r a l i s a t io n  p a t te r n s  in  m ull and mor fo rm ing  l i t t e r  
m a te r ia l .  In  mor l i t t e r ,  commonly formed by c o n i f e r s ,  
m in e ra l n i t r o g e n  may be r e le a s e d  g e n e ra l ly  in  th e  ammonium 
form ( iv a r s o n  and Sowden 1959? F lo re n c e  1965, G u i t t e t  1967)5 
b u t in  m u lls  form ed by most hardwood s p e c ie s ,  n i t r o g e n  may 
be r e le a s e d  in  b o th  ammonium and n i t r a t e  fo rm s. (H andley 
1954» Iv a rso n  and Sowden 1959)» Iv a rso n  and Sowden a t t r i b u t e d  
t h i s  d i f f e r e n c e  to  a  g r e a te r  c o n c e n tra t io n  in  mors o f  ta n n in s ,  
te rp e n e s  and r e s i n s  to x ic  to  n i t r i f y i n g  o rg an ism s.
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In very broad terms, these conclusions also apply 
to the patterns of mineralisation in the South Australian 
litters. The strongly mor forming litters on sands (Mt.
Burr sand, Nangwarry sand) release very little nitrate 
nitrogen, even under favourable laboratory conditions. In 
contrast, inorganic nitrogen in the mull litters on trans­
itional soil types is readily converted from ammonium nitrogen 
to nitrate nitrogen. These mull litter forms may only be 
found where the organic fraction available to microbial 
populations is relatively large and the nitrogen concentration 
in this fraction is relatively great. The distinction 
between the mineralisation patterns of mull and mor litter 
types is not complete however as both ammonium and nitrate 
forms of nitrogen are released from the age sequence of 
SQII mor-type litters on meadow podsolic soils.
Total litter nitrogen may be apportioned differentially 
to fractions which are either available or unavailable to 
micro-organisms, and because nitrogen concentrations within 
these fractions may vary, a strong relationship between 
total litter nitrogen and nett nitrogen mineralisation 
may not always exist; end in the F-layer litters from the 
SQII stands on different soils, such a correlation was not
found
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However i f ,  as su g g e s te d  by D avies e t  a l .  ( 1964b ) ,  
th e  r e l a t i v e  n i t r o g e n  and phosphorus c o n te n ts  o f  th e  f o l ia g e  
in f lu e n c e  f o l i a r  po lypheno l c o n te n ts  and hence th e  degree 
o f  ta n n in g  and com plexing o c c u r r in g  in  l i t t e r s ,  th e n  i t  i s  
p o s s ib le  t h a t  th e  r a t e  o f n e t t  m in e r a l i s a t io n  o f  n it ro g e n  
from  l i t t e r  co u ld  be r e l a t e d  to  th e  n it ro g e n  and phosphorus 
c o n te n ts  o f  th e  g reen  n e e d le s  r a th e r  th a n  to  th e  n u t r i e n t  
c o n te n ts  o f th e  l i t t e r  i t s e l f .  T h is  has been  exam ined.
A p o s s ib le  r e l a t io n s h ip  betw een n e t t  n i t r o g e n  
m in e r a l i s a t io n  from  l i t t e r  and th e  n it ro g e n  and phosphorus 
c o n te n ts  o f  g re e n  n eed les  was t e s t e d  by a  m u l t ip le  l i n e a r  
r e g r e s s io n  a n a ly s i s  u o in g  th e  am ounts o f  in o rg a n ic  
n it r o g e n  e x t r a c te d  a f t e r  90 days a s  th e  dependen t v a r i a b le ,  
and th e  c o n c e n tra t io n s  o f n i t r o g e n  and phosphorus in  th re e  
and fo u r  y e a r - o ld  n eed le s  in  th e  crowns o f  th e  t r e e s  a t  
each  o f 12 s i t e s  as independen t v a r i a b le s .  S e v e ra l  
s i g n i f i c a n t  c o r r e l a t i o n s  betw een m in e ra l n i t r o g e n  and 
n i t r o g e n  and phosphorus c o n te n t in  g reen  n e e d le s  a re  shown 
in  th e  m a tr ix  o f  c o r r e l a t i o n  c o e f f i c i e n t s  in  T ab le  1 0 .6 .
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TABLE 10. 6 . C o r r e la t io n  c o e f f i c i e n t s  between in o rg a n ic  
n i t r o g e n  in  l i t t e r  e x t r a c te d  a f t e r  90 days 
in c u b a tio n  and f o l i a r  n u t r i e n t  l e v e l s  in  tw elve  
3Q.II, 30 y e a r -o ld  s ta n d s  on d i f f e r e n t  s o i l s .
1 2 3 4 5
1 In o rg a n ic  N in  l i t t e r 1 .000
2 IT in  3 y r  n e e d le s 0 .6 3 2 1.000
3 N " 4 " it 0 .678 0.797 1.000
4 P " 3 " ii 0 .615 0.652 0 .555  1 .000
5 P " 4 " it 0 .497 0.658 0 .498  0 .886  1 .000
r  = 0 . 576 , p < ^
r  = 0 .7 0 5 , P < i fo
When th e  v a r io u s  p a ram e te rs  a r e  combined in to  r e g r e s s io n  
e q u a t io n s ,  th e  m ost s ig n i f i c a n t  r e l a t i o n s h ip  i s  t h a t  betw een 
m in e ra l n i t r o g e n  and th e  n i t r o g e n  c o n c e n tra t io n  in  fo u r  
y e a r -o ld  n e e d le s  and th e  phosphorus c o n c e n tra t io n  o f  th r e e  
y e a r - o ld  n e e d le s .
In o rg a n ic  N = 1289*92X.] + 0 . 75X2 -  1585-39
R = 0 . 736*
X^  = N p e rc e n t in  4 y r  n e e d le s  
X2 = P ppm in  3 y r  n e e d le s
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About 54$ o f  th e  v a r ia n c e  i n  th e  amount o f  
in o rg a n ic  n i t r o g e n  e x tra c te d  a f t e r  90 days in c u b a t io n  can 
be e x p la in e d  by th e  e q u a tio n . Not a l l  l i t t e r  po ly p h en o ls  
need be e x c lu s iv e ly  o f p la n t  o r ig i n  and i t  i s  p o s s ib le  th a t  
m ic ro b ia l b io s y n th e s is  adds to  th e  amount o f po ly p h en o l 
a v a i la b le  f o r  ta n n in g  and fo rm ing  com plexes w ith  n itro g e n o u s  
m a te r ia l  (D av ies 1970). I r r e s p e c t i v e  o f t h i s  e x t r a  so u rce  
o f  p o ly p h e n o ls , th e  r e g re s s io n  a n a ly s i s  su g g e s ts  l i t t e r  
n i t r o g e n  m in e r a l i s a t io n  p a t te r n s  a r e  r e l a t e d  to  th e  
p o ly p h en o ls  i n i t i a l l y  formed in  th e  t r e e  crow ns, and 
su p p o r ts  th e  h y p o th e s is  t h a t  th e s e  in f lu e n c e  th e  r a t e s  o f  
n i t r o g e n  r e l e a s e .
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CHAPTER 11
TRACER NITROGBJ STUDY OP MINERALISATION - IMMOBILISATION 
11.1 INTRODUCTION
In -the foregoing chapter, it was suggested that litter 
decay und nett mineralisation patterns of the litter layers 
in South Australia might be strongl}' influenced by —
(i) variations in the proportion of the organic matter 
available as a microbial substrate, and
(ii) the relative concentrations of nitrogen and carbon 
(energy) in the fraction available as a microbial substrate.
This hypothesis can be examined further using a
the inorganic nitrogen fractions. This technique allows the 
absolute as well as the nett changes due to mineralisation- 
immobilisation reactions to be followed.
Kirkham and Bartholomew (1954» 1955) developed a series 
of equations based on measurements of isotopic dilutions to 
quantitatively describe the rates of mineralisation and 
immobilisation in organic matter. These were used by 
Stojanovic and Broadbent (195^) to demonstrate that 
nitrogen cycling could be rapid although nett changes in 
mineral nitrogen were small. However, the equations depend 
on several assumptions which might not always be valid. It 
was assumed for instance that atoms once immobilised do not 
contribute subsequently to the mineral nitrogen fraction,
technique involving the addition to
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and also that the rates of mineralisation and immobilisation 
remain constant over the period examined. This second 
assumption is not generally valid unless short observation 
periods are used and the equations, although useful, may be 
applicable only in a limited number of circumstances,
Jansson (1958) devised a method for calculating the
relative size of the "active” pool of nitrogen taking part
in the nitrogen turnover process. The method assumes that
at any stage, an equilibrium is established between the
exchangeable ammonium and the nitrogen in the active
organic nitrogen pool. This in fact is not always the case
and the active pools may vary in size depending on the length
of the incubation period, the size of the ammonium fraction
end the level of available energy. However, Nommik (1968)
suggested the estimated size could be characteristic of the
1 5substrate and incubation conditions in question. Using N, 
Nommik (1968) found the active organic nitrogen pools in raw 
humus from a Picea strnd (incubated at 25°C) constituted 
about 13/o of the total nitrogen. This proportion remained 
constant after 81 days incubation and was similar to the 
values reported by Jansson for soil organic matter incubated 
under similar conditions (10^-1 570.
The chemical na,ture of the active and passive nitrogen 
pools is not clear. Freney and Simpson (1969) have found 
active phases within each of a number of chemically 
separable nitrogen fractions while part of the passive 
pool may be in the form of organic matter complexed with, 
or protected by, tannins. A number of workers have also
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n o te d  th a t  r e l a t i v e l y  la rg e  amounts o f  t r a c e r  n i t ro g e n  can 
he  c h e m ic a lly  hound w ith in  a  few hours o f  b e in g  added to  
s o i l  o r l i t t e r  (Bartholom ew and H i l t h o l t  1952, Jan sso n  1958, 
O v e rre in  1967a, Nommik 1968). The su b sequen t a v a i l a b i l i t y  
o f  n i t ro g e n  im m ob ilised  in  t h i s  f a s h io n  i s  n o t known.
T echn iques f o r  u s in g  l a b e l le d  n i t ro g e n  have been 
d e s c r ib e d  by Ja n sso n  ( 1958) ,  M artin  e t  a l .  ( 19^ 3) and 
Bremner (1965b)* In  a d d i t io n ,  Hauck (1968) and M artin  and 
Ross (1968) have d is c u s se d  th e  s ig n i f i c a n c e  o f  th e  p o te n t i a l  
e r r o r s  in h e re n t in  th e  method and some o f th e  assum ptions 
made.
The most im p o rtan t o f  th e s e  assum ptions i s  f i r s t l y  t h a t
th e  b e h a v io u r  o f  in  p h y s ic a l ,  chem ical and b io lo g ic a l
p ro c e s s e s  i s  i d e n t i c a l  to  ^ \ T. T h e re fo re  (a )  m e tab o lic
d is c r im in a t io n  betw een  1 and ^^ 11 docs n o t occur and th e
f i n a l  i n t e r p r e t e d  r e s u l t s  a re  independen t o f  th e  en rich m en ts
u s e d , and (b ) h ig h  c o n c e n tra tio n s  p e r  se  have no q u a l i t a t i v e
o r  q u a n t i t a t i v e  e f f e c t  on th e  co u rse  o f  a  r e a c t io n .  S eco n d ly ,
1 5i t  i s  assum ed th a t  th e  r e l a t i v e  abundance o f  N in  n a t u r a l ly  
o c c u r r in g  m a te r ia l s  does n o t v a ry . N e ith e r  o f  th e s e  
a ssu m p tio n s a r e  co m p le te ly  t r u e ,  b u t f o r  most p r a c t i c a l  
p u rp o ses  th e y  can  be tak en  to  be v a l id  (Hauck 1968).
The p r e s e n t  in v e s t ig a t io n  i s  an e x p lo ra to ry  s tu d y  o f 
th e  m in e r a l i s a t io n  -• im m o b ilisa tio n  r e a c t io n s  in  P , r a d i a t a  
l i t t e r  to  d e te rm in e  w hether l i t t e r s  w ith  slow  n e t t  m in e r a l i s a t io n  
and d e co m p o sitio n  r a t e s  have a  r e l a t i v e l y  la r g e ,  u n a v a i la b le  
(p a s s iv e )  n i t r o g e n  f r a c t i o n ,  o r  w hether r a p id  n it ro g e n  
tu rn o v e rs  occur- w hich l im i t  th e  r a t e  o f  n e t t  n i t ro g e n
m in e r a l i s a t io n
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11.2 METHODS
The study was initiated before the hypothesis concerning 
the complex inter-relationships of litter type/nitrogen 
concentration/decay-respiration/nett mineralisation was 
developed (Section 10.3) and litters representing each 
category were not used. Instead, two litters were selected 
which showed greatest contrasts ins —
(i) field accumulation
(ii) nitrogen concentration
(iii) microbial decay and respiration
(iv) nett mineralisation.
These were from the F-lay er at Site 6 (Mt. Burr sand site, 
mor-type litter, nitrogen concentration 2.07/) end Site 8 
(terra rossa transitional soil, mull-type litter, nitrogen 
concentration 3.31/).
11.2.1 Incubation
The general incubation procedures described in 
Chapter 10 were followed. The litters were weighed into 
glass jars and remoistened to a moisture content approximating 
50/ of the field capacity - this was maintained by periodic 
remoistening. All litters were then incubated for 10 days 
at 20°C to initiate microbial activity and the mineralisation 
process. After the pro-incubation period, 200 ppm of 
labelled nitrogen (4*9 atom / excess) was added in the form 
of ammonium sulphate. A further set of untreated litters 
was incubated at the same time as controls. Twenty four 
hours after the nitrogen was added, samples of the treated
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and control litters were removed and the mineral nitrogen 
extracted by shaking the litters for one hour with 1H 
potassium chloride. Further samples were taken after 20 
and 65 days. Three replicates were used for each treatment.
Ammonium and nitrate nitrogen were determined using 
the methods described in the first mineralisation study in 
Chapter 10. Aliquots of the extract were made alkaline and 
the nitrogen present was distilled over into boric acid and 
the ammonium borate was titrated with 0.01N sulphuric acid. 
Nitrate and nitrite nitrogen were determined by adding 
Devardds alloy to the aliquots to reduce the nitrate and 
nitrite, and distilling and analysing as for the ammonium.
To reduce the risk of glassware "memory effects" (due to 
isotopic exchange or adsorption processes) , the distillation 
apparatus was steamed for several minutes between 
distillations.
The extracted litter remaining in the jars was dried 
(80°C) , ground, and the total nitrogen content measured 
using the micro Kjeldahl method described by Bremner (1965^)« 
The nitrogen was distilled into boric acid and titrated 
with 0.01N sulphuric acid.
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1 1 .2 .3  Dot cr m tn a tio n  Qf  abundance o f  _ j\N
The b o r ic  a c id  p lu s  d i s t i l l a t e  sam ples were a c i d i f i e d  
w ith  0 .2  mi o f  1N s u lp h u r ic  a c id  and g e n t ly  h e a te d  on a  sand  
t r a y  u n t i l  th e  sam ples were c o n c e n tra te d  to  about 5 ml. The 
mass sp e c tro m e te r  u sed  f o r  a n a ly s i s  r e q u ir e d  a t  l e a s t  100 ugm 
o f  n i t r o g e n ,  and where th e  n i t r a t e  p lu s  n i t r i t e  f r a c t i o n  in  
th e  e x t r a c t  was l e s s  th a n  t h i s  am ount, t h i s  f r a c t io n  was 
com bined w ith  th e  ammonium f r a c t io n  and th e  a n a ly s i s  
perfo rm ed  on th e  t o t a l  in o rg a n ic  n i t r o g e n .
The d i s t i l l a t e  \vas co n v e rte d  to  m o lecu la r n i t ro g e n  
w ith  a l k a l in e  hypobrom itc  and th e  i s o to p ic  abundance- 
d e te rm in e d  on an A tla s  M86 mass s p e c tro m e te r .  S e v e ra l u n - 
e n r ic h e d  c o n t r o l s  p re p a re d  in  th e  same way were a ls o  m easured 
to  d e te rm in e  th e  n a tu r a l  abundance o f  (The a n a ly se s
were perfo rm ed  by Mr. G„ T u rn e r , D iv . P la n t  I n d u s t r y ,  
C .S .I .R .O .)
11 . 2 . 4 Ca l c u la t i o n s
( i )  The  ^ abundance in  th e  sam ples were 
c a lc u la te d  from ;
Abundance = Atom fo 12R + 1 '
where R = r a t i o  o f  io n  
c u r r e n ts  f o r  m asses 28 
and 2 9 .
The en rich m en t was found by s u b t r a c t in g  th e  i s o to p ic  
abundance m easured  in  th e  c o n tro l  l i t t e r .
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( i i )  The amount o f  added l a b e l le d  n i t ro g e n  in  a  
g iv en  f r a c t i o n  (N ) , was c a lc u la te d  from:
N = Where N t. = q u a n t i ty  o f
n i t r o g e n  in  a  g iv en  f r a c t i o n  
Ctc = atom % N ex cess  
in  a  g iv e n  f r a c t io n
Co = atom N excess
added .
( i i i )  Changes in  th e  a p p a re n t s iz e  o f  a c t iv e  o rg a n ic  
n i t r o g e n  f r a c t i o n :  The s iz e  o f  th e  a c t iv e
n i t ro g e n  p o o ls  in  th e  o rg a n ic  n i t ro g e n  phase 
w ere e s tim a te d  u s in g  th e  e q u a tio n  g iv e n  by 
Nommik ( 1 9 6 8 ) .
( £ ä  -1)
a (Co -  1)
Where A = amount o f  n a t iv e  l i t t e r ,  n i t ro g e n  
p a r t i c i p a t i n g  in  th e  i s o tp i c  exchange w ith  
l a b e l l e d  exchangeab le  ammonium, a  = amount o f  
l a b e l l e d  ammonium added , Ca = atom % 
ex ce ss  in  ammonium added , and Ce = atom $  ^
e x c e ss  in  th e  g ro ss  exchangeab le  ammonium 
f r a c t io n  a t  th e  sam pling  d a te .
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11 .3  RESULTS
11.3*1 N e tt  m i n e r a l i s a t i on p a t t e r ns
The p a t te r n s  o f n e t t  n i t r o g e n  m in e r a l i s a t io n  from th e  
two u n tr e a te d  l i t t e r s  (F ig .  11 .1 ) were s im i la r  to  th o se  n o te d  
in  th e  in c u b a tio n  s tu d y  r e p o r te d  in  C h ap te r 10, d e s p i te  th e  
3 month d i f f e r e n c e  in  th e  tim e o f  l i t t e r  sam p lin g . N e tt 
m in e r a l i s a t io n  from th e  sand t e r r a  ro s s a  t r a n s i t i o n a l  s i t e  
( S i t e  8 -  low l i t t e r  accu m u la tio n ) was g r e a te r  and 
n i t r i f i c a t i o n  more pronounced th a n  in  l i t t e r  from th e  Mt.
B urr sand  s i t e  ( S i t e  6 -  heavy l i t t e r  a c c u m u la tio n ) ,
1 1 .3 .2  N itro g e n  t u r nover
N itro g e n  tu rn o v e r  was r a p id  in  b o th  l i t t e r s .  The 
r a p i d i t y  o f  th e  tu rn o v e r  p ro c e ss  may be exam ined f i r s t l y  
by c o n s id e r in g  th e  amounts o f  l a b e l l e d  n i t r o g e n  rem a in in g  in  
th e  in o rg a n ic  n it ro g e n  f r a c t i o n  a f t e r  in c u b a tio n  (T ab le  1 1 .1 ) .  
A f te r  20 d a y s , 23 ppm o f  ta g g ed  n i t r o g e n  rem ained  in  th e  
S i t e  8 l i t t e r  and 28 ppm rem ained in  th e  S i t e  6 l i t t e r .  When 
m easured a g a in  a t  6 5  days th e  S i t e  8 l i t t e r  s t i l l  c o n ta in e d  
abou t th e  same amount o f   ^^N b u t th e  amount p re s e n t  in  th e  
S i t e  6 l i t t e r  d e c re a se d  to  23 ppm. A s ig n i f i c a n t  p ro p o r tio n  
o f  th e  200 ppm o f added was removed in  th e  e a r ly  p e r io d  
o f  in c u b a tio n ;  e .g .  a f t e r  one day on ly  abou t 145 ppm o r 
75$ o f  th e  added  ^^N c o u ld  be re c o v e re d  from  each l i t t e r .
The r a p id i ty  o f  t h i s  d e c re a se  su g g e s ts  f a c to r s  o th e r  th a n  a  

































Fig. II. 1. Nett nitrogen mineralisation from untreated
litter (—  —  —  — ) and litter treated with
200 ppm N (-------------- ) .
Litter 8 : total mineral N ■ , Nil. - N □
Litter 6 i total mineral N ▼ , NH4 - N V
200 r*
DAYS
Fig. 1|.2. Total nett nitrogen mineralisation in treated
litters in excess of nitrogen mineralisation in
control litters (------------  ), and amounts
of labelled nitrogen remaining in inorganic form 
in treated litters (—  —  —  — ).
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TABLE 11.1 I s o to p ic  forms o f  in o rg a n ic  n i t ro g e n  p re s e n t  in
l i t t e r s  from s i t e s  w ith  c o n t r a s t in g  r a t e s  o f n e t t  
n i t ro g e n  m in e r a l i s a t io n .  S i t e  8; r a p id  n e t t  
m in e r a l i s a t io n .  S i t e  6; slow  n e t t  m in e r a l i s a t io n  
(means -  S .E . ) .
I n - Atom % T o ta l  in o rg a n ic . 1 as
c u b a tio n E xcess N (ppm) (ppm) j o f  t o t a l  N
(a )  S i t e  8 J L i t t  e r  (^sand - t e r r a  r o ssa  t r a n s i t i o n a l  s o i l  s i t e )
Day 1 2 .9923-0 .0711 239^-4 145. 0^ 5 .3 60 .7




0 . 2000I-0.0115 401^18 16. o i l . 7
wo“ 0 .24 4 3 -0 .0 1 9 9 121±9 6 .o io .o
T o ta l 522
I__
2 2 .0 4 .2
(b ) S i t e 6 l i t t e r  (Mt. B u rr sand  s i t e )
Day 1 3 . 3026^ 0.1316 213-1 1 4 4 .o i5 .7 67 .6
Day 20 O .5384-O.OO56 261^8 2 8 .3 ^ 0 .3 10 .8
Day 65 0 . 3856^ 0.0896 284-29 2 3 .3 ^ 7 .9 8 .2
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S ig n i f i c a n t  amounts o f  n i t r a t e  n it ro g e n  were e x t r a c te d  
from  th e  S i t e  8 l i t t e r  a t  65 d ay s , h u t as  in  th e  p re v io u s  
n e t t  m in e r a l i s a t io n  s tu d ie s ,  ve ry  l i t t l e  n i t r a t e  n it ro g e n  
was found in  th e  S i t e  6 l i t t e r .  About 5'J0 o f  th e  n i t r a t e  
n i t r o g e n  in  th e  S i t e  3 l i t t e r  was p re s e n t  as  1^N. T h is  i s  
a lm o st th e  same p ro p o r tio n  o f  ^ a s  found in  th e  ammonium 
p h ase  a t  20 days ( p r io r  to  s ig n f ic a n t  n i t r i f i c a t i o n )  and 
to g e th e r  w ith  th e  reduced  amount o f  l a b e l l e d  n it r o g e n  in  th e  
ammonium phase a t  65 d ay s , su g g e s ts  th e  l a b e l l e d  n i t r a t e  
n i t r o g e n  came d i r e c t l y  from  th e  ammonium p o o l. However, t h i s  
i n t e r p r e t a t i o n  must rem ain  t e n t a t i v e  in  th e  absence o f  
m easurem ents o f  ^ i n  v a r io u s  o th e r  n i t ro g e n  f r a c t i o n s .
The tu rn o v e r  p a t te r n  i s  a ls o  shown g r a p h ic a l ly  in  
F ig .  1 1 .2 . F o r each l i t t e r ,  th e  d i f f e r e n c e  betw een th e  
t o t a l  in o rg a n ic  n i t ro g e n  in  th e  c o n t ro l  and t r e a t e d  (200 ppm 
c f  N added) l i t t e r s  a re  p lo t te d  a g a in s t  in c u b a tio n  tim e .
In  a d d i t io n ,  th e  amount o f ^ r e m a i n i n g  in  th e  in o rg a n ic  
form  in  each l i t t e r  i s  a l s o  shown. As th e  c o n c u rre n t 
m in e ra lis a tio n - im m o b ilis a t io n  r e a c t io n s  in  th e  l i t t e r  
cau se  a  s u b s t i t u t i o n  o f  th e  l a b e l le d  n i t r o g e n  by non 
l a b e l l e d  n i t r o g e n  in  th e  in o rg a n ic  p o o ls ,  th e  d i f f e r e n c e  
betw een th e  two p a i r s  o f  l i n e s  i s  a  m easure o f  th e  e x te n t 
o f  n i t r o g e n  tu rn o v e r  in  th e  two l i t t e r s  (J a n sso n  1958)* 
I n i t i a l l y  th e  d i f f e r e n c e  betw een th e  l i n e s  was g r e a t e s t  
and th e  n i t r o g e n  tu rn o v e r  most r a p id  in  th e  S i t e  8 l i t t e r  
( s m a ll  f i e l d  l i t t e r  accu m u la tio n ; h ig h  n e t t  m in e r a l i s a t io n  
r a t e ) .  By 65 days how ever, th e r e  was a  g r e a t e r  n i t ro g e n  
tu rn o v e r  in  l i t t e r  from S i t e  6 (heavy l i t t e r  a cc u m u la tio n ;
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slow  n o t t  m in e ra l is a t io n ) , ,  E v iden tly  th e  m in e r a l i s a t io n  r a t e  
in  S i t e  8 l i t t e r  was s t im u la te d  l e s s  by n i t ro g e n  a d d i t io n s  
th a n  in  th e  Site 6 l i t t e r ,  a lth o u g h  th e  a b s o lu te  m in e r a l i s a t io n  
r a t e  was g r e a t e r .  I r r e s p e c t i v e  o f  th e s e  d i f f e r e n c e s  how ever, 
n i t r o g e n  tu rn o v e rs  were r a p id  in  b o th  l i t t e r s  fo llo w in g  
n i t r o g e n  a d d i t io n s ,  in d ic a t in g  r e l a t i v e l y  la rg e  " a c t iv e ” 
o rg a n ic  n i t r o g e n  p o o ls  were p re s e n t  in  each .
1 1 .3 .3  Appar e n t s iz e  o f j a c t iv e  n i t r o gen j o q l
The a p p a re n t s iz e  o f  th e  " a c t iv e "  o rg a n ic  n it ro g e n  
f r a c t io n s  in  b o th  l i t t e r s  changed w ith  tim e b u t e v e n tu a lly  
re a c h e d  14.4% ~-nd 12.5% o f  th e  t o t a l  l i t t e r  n i t ro g e n  in  
S i t e  8 and S i t e  6 l i t t e r s  r e s p e c t iv e ly .  (T ab le  11 .2)
T hat i s ,  a l th o u g h  th e  a b s o lu te  s iz e s  o f  th e  two a c t iv e  p o o ls  
w ere q u i t e  d i f f e r e n t ,  th e  r e l a t i v e  p ro p o r tio n s  o f th e  t o t a l  
l i t t e r  n i t r o g e n  p re s e n t  in  th e  a c t iv e  p o o ls  were s im i la r
in  b o th  l i t t e r s
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TABLE 11.2 Size of the active nitrogen pool in litters with 
contrasting nett nitrogen mineralisation rates.
Site 8 litter, relatively rapid nett mineralisation; 
Site 6 litter, relatively slow nett mineralisation 
(mean - S.E. of three measurements)
Time Site 8 litter Site 6 litter
ppm /£ total N ppm '/a total N
Day 20 2702^110 8 .17^0 .33 1621—25 7.83-0.12
Day 65 4786-316 14.4^ 0.95 2587-528 i2 .5O-2.55
Unfortunately, the isotopic enrichment used (4.9 atoms 
^ excess) was diluted too much in the organic nitrogen pools 
to allow accurate measurements of the immobilisation of 
labelled nitrogen in the organic form. This was due to the 
combination of very low values for the atom percent excess 
nitrogen and the very high nitrogen concentration. For this 
reason it has not been possible to prepare a nitrogen 
balance sheet. In further studies of this nature, very 
much higher enrichments will be necessary.
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11 .4 .  DISCUSSION 
15
By u s in g  N , i t  was hoped, to  d e te rm in e  w hether r a p id  
tu rn o v e rs  o f  n i t ro g e n  o c c u rre d  in  B oth l i t t e r s  o r w hether 
th e  l i t t e r  h av in g  th e  low er n e t t  m in e r a l i s a t io n  r<ate and 
g r e a te r  r e s i s t a n c e  to  m ic ro b ia l d ecom position  had a  r e l a t i v e l y  
l a r g e r  " p a s s iv e "  pool o f  o rg a n ic  n i t r o g e n .  W hile some a s p e c ts  
o f  th e  d a ta  a re  n o t c l e a r ,  i t  ap p ea rs  t h a t  by 6S days:
( i )  b o th  l i t t e r s  p ro b ab ly  have a c t iv e  p o o ls  o f  o rg an ic  
n i t ro g e n  o f  a  s im i la r  r e l a t i v e  s i z e ;
( i i )  c y c l in g  o f  an atom o f  n i t r o g e n  i s  a t  l e a s t  as  r a p id  
in  th e  low n i t ro g e n  c o n te n t l i t t e r  ( S i t e  6) as  in  
th e  h ig h  n i t ro g e n  c o n te n t l i t t e r  ( S i t e  8 ) .
The a d d i t io n s  o f  la b e l le d  ammonium s u lp h a te  cau sed  a 
r e d u c t io n  in  n e t t  m in e ra l i s a t io n  r a t e s  in  b o th  l i t t e r s ,  
in d i c a t in g  a  s t ro n g  im m o b ilisa tio n  r e a c t io n .  T h is  was c l e a r ly  
d em o n stra ted  by th e  v e ry  r a p id  d e c l in e  in  th e  amount o f 
l a b e l l e d  n i t r o g e n  re c o v e re d  from b o th  l i t t e r s  a f t e r  t r e a tm e n t .  
The d i f f e r e n c e s  in  th e  r a t e s  o f  n e t t  n i t ro g e n  m in e r a l i s a t io n  
in  two c o n t r a s t in g  l i t t e r s  i s  th u s  due p r im a r i ly  to  th e  
d i f f e r e n t  r a t e s  o f  t o t a l  m in e r a l i s a t io n .
A lthough most o f  th e  re d u c t io n  in  th e  amount o f  
l a b e l l e d  n i t r o g e n  rem ain in g  in  th e  o rg a n ic  n i t r o g e n  poo l 
was p ro b ab ly  due to  m ic ro b ia l a c t i v i t y ,  th e  ra ,p id ity  o f  
th e  d e c re a se  su g g e s ts  f a c to r s  o th e r  th a n  m ic ro b ia l 
im m o b ilis a tio n  a lo n e  may have been  in v o lv e d . In  s im i la r  
in c u b a tio n  s tu d ie s  w ith  s o i l ,  J a n sso n  (195^) re c o v e re d  
l e s s  th a n  60^  o f  th e  e.dded l a b e l l e d  n i t r o g e n  two h o u rs
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after treatment and Stojanovic and Broadbent (1956) could 
extract only 65$£ on the same day as the addition was made. 
Nommik (1968) and Overrein (1967a) ha,ve noted similar losses 
of added labelled nitrogen in conifer litters. The chemical 
extraction of inorganic nitrogen with potassium chloride 
removes most of the inorganic nitrogen available to hetoro- 
trqhic micro-organisms from litter and so the unextracted 
fraction is probably unavailable, perhaps temporarily, to 
microflora«, The nature of this immobilisation process is 
unknown. Janssen (1958) suggested a simple cation exchange 
process might be involved and Matson and Koulter-Anderson 
(1943) have suggested the process is an interaction between 
ammonium ions and lignin to form, under conditions of low 
base status, a nitrogenous compound resistent to microbial 
decay.
Other factors which could give rise to this loss in the 
closed system represented by the incubation bottle (e.g. 
denitrification, volatilisation) seem unlikely to explain 
the total deficit as aeration wa,s adequate, the 
temperature was 20°C and the pH in both litters was near 
pH5. From these limited observations it is difficult to 
determine the significance of this form of nitrogen 
immobilisation« However, such a binding process could 
contribute to the large nitrogen concentrations found in 
some F-litters in the field and, in view of the length 
of the reaction time under field conditions, could have 
considerable ecological significance.
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Although the Site 8 (mull type) litter has a greater 
total nitrogen content, the proportion of the total litter 
nitrogen in the active pool is similar* to that in the Site 
6 litter. That is, the proportion of nitrogen unavailable 
(perhaps due to tanning or completing) in each litter may 
be similar although the litters come from stands having 
different foliar nutrient levels,‘and possibly, different 
polyphenol levels. However, the Site 8 litter has a greater 
respiration and decomposition rate than the Site 6 litter, and 
previous studies (Chapter 6) have suggested this may be due to 
differences in the availability of energy in each litter. This 
suggests the immobilising or tanning action of polyphenols may 
affect nitrogen and non-nitrogenous material differentially. 
That is, the process determining the availability of energy 
differs from that limiting the size of the active nitrogen 
pool.
Although further work is clearly necessary to determine 
the nature of the active nitrogen pools in this litter material, 
these results support the hypothesis developed in the foregoing 
chapter - that the relative proportions of available energy 
and nitrogen may vary independently in pine litter. It is 
unfortunate this study did not include litters representative 
of all litter categories suggested in Chapter 10. For example, 
it would be interesting to have comparative data on the older, 
SQV litters from the Mt. Burr sand sites (relatively rapid 
decomposition and respiration rates and relatively slow nett 
mineralisation rates) and the SQII litter on the meadow
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p o d so ls  and M t. B urr sand  complex ( S i t e  17j r e l a t i v e l y  
slow  d eco m p o sitio n  and r e s p i r a t i o n  r a t e s  and r e l a t i v e l y  
r a p id  n e t t  m in e r a l i s a t io n  r a t e s ) .  The u se  o f  th e  
te c h n iq u e  i s  s e e n  as one method th a t  can h e lp  r e s o lv e  some 
o f  th e  complex in t e r - r e l a t i o n s h i p s  betw een n i t ro g e n  
c o n c e n tr a t io n ,  th e  a c t iv e  n it ro g e n  p o o l, th e  a v a i l a b i l i t y  
o f  e n e rg y , and th e  b e a r in g  th e s e  have on l i t t e r  decom position  








T h is  t h e s i s  has been b ased  on th e  h y p o th e s is  t h a t  one 
o f  th e  f a c to r s  c o n t r ib u t in g  to  a  d e c l in e  in  th e  p r o d u c t iv i ty  
o f second r o t a t i o n  P inus r a d i a t a  s ta n d s  i s  a  slow  r a t e  o f 
n u t r i e n t  c y c l in g ,  fo llo w in g  rep la cem e n t o f th e  e u c a ly p t 
by th e  P inus eco sy stem . In  p a r t i c u l a r ,  i t  was su g g e s te d  
th a t  th e  r a t e  o f  n u t r i e n t  c y c l in g  th ro u g h  th e  l i t t e r  la y e rs  
may be in a d e q u a te  on th o se  s i t e s  w here th e  t o t a l  ecosystem  
n u t r i e n t  c a p i t a l  i s  r e l a t i v e l y  l i m i t e d .  Some o f  th e  l i t t e r  
a c c u m u la tio n , deco m p o sitio n  and n u t r i e n t  m in e r a l i s a t io n  
p ro c e s se s  o c c u r r in g  in  th e  l i t t e r  la y e r s  o f P , r a d i a t a  
s ta n d s  have been  examined in  P a r ts  I ,  I I  and I I I  o f  t h i s  
t h e s i s  and c o n c lu s io n s  drawn as to  th e  f a c to r s  b e a r in g  on 
d i f f e r e n c e s  in  r a t e s  o f  o rg an ic  m a tte r  and n u t r i e n t  c y c l in g . 
In  o rd e r  to  d e te rm in e  th e  p o s s ib le  r o l e  o f  l i t t e r  n u t r i e n t  
c y c l in g  as a  f a c t o r  l im i t in g  c o n t in u in g  s ta n d  p r o d u c t iv i ty  
i t  i s  n e c e s s a ry  to  examine t h i s  p a r t i c u l a r  p ro c e s s  w ith in  
th e  p e r s p e c t iv e  o f  th e  t o t a l  ecosystem  p ro c e sse s  in v o lv in g  
u p ta k e , i n t e r n a l  t r a n s lo c a t io n  and e x te rn a l  c y c l in g  o f  
n u t r i e n t s .  T h is  i s  done in  t h i s  co n c lu d in g  c h a p te r ,  where 
th e  fo llo w in g  ecosystem  p ro cesse s  and q u e s tio n s  a r e  
exam ined b r i e f l y .
(a )  The u p ta k e  and r e d i s t r i b u t i o n  o f  n u t r i e n t s  w ith in  
P . r a d i a t a  cro^ms
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(b) N u tr ie n t  r e tu r n  and l i t t e r  d ecom position  in  
P , r a d i a t a  s ta n d s
(c ) L i t t e r  n u t r i e n t s  a s  a  so u rc e  o f n u t r i e n t s  f o r  
second r o t a t i o n  s ta n d s
(d) S o i l  m o is tu re  a s  a  f a c t o r  in  p r o d u c t iv i ty  d e c l in e
(e ) S i t e  a m e lio ra t io n
1 2 .2  UPTAKE AND REDISTRIBUTION OF NUTRIENTS WITHIN P . RADIATA
CROWNS
1 2 .2 .1  N u tr ie n t  su p p ly  from s o i l  o rg a n ic  m a tte r  d u r in g  t h e 
f i r s t  r o t a t i o n
P , r a d i a t a  and o th e r  P inus s p e c ie s  in  A u s t r a l i a  have 
a c h ie v e d  la rg e  bolewood p ro d u c tio n  r a t e s  d u r in g  th e  f i r s t  
r o t a t i o n  on s o i l s  w here th e  p r o d u c t iv i ty  o f th e  m atu re  
e u c a ly p t f o r e s t  was r e l a t i v e l y  low . Phosphorus has been th e  
m ain n u t r i e n t  l i m i t i n g  P inus grow th  in  A u s t r a l i a  on p oo rer 
e u c a ly p t f o r e s t  s i t e s .  N itro g e n  i s  r a r e l y  a  p rim ary  
d e f ic ie n c y ,  a lth o u g h  most o f  th e  im p o rtan t P in u s  s p e c ie s  in  
A u s t r a l i a  have d em o n stra ted  a  re sp o n se  to  n i t r o g e n  a f t e r  
o th e r  l im i t in g  n u t r i e n t s ,  e s p e c ia l ly  phosphorus, have been 
s u p p lie d  (W aring  1963)
The a b i l i t y  o f  p in e  s ta n d s  to  o b ta in  a d eq u a te  n it ro g e n  
has  been one p u z z l in g  f e a tu r e  o f  t h e i r  h ig h  p r o d u c t iv i ty  
l e v e l s  in  some A u s t r a l ia n  s o i l s .  R ic h a rd s  ( 1964) p o in ts  to  
ev id en ce  o f  a c c r e t io n  o f n i t ro g e n  in  c o n ife ro u s  f o r e s t
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eco sy s tem s; an annual g a in  o f  50 k g /h a  may be o b ta in e d  
which i s  over th re e  tim es  th e  amount o f a tm o sp h eric  
n i t r o g e n  assumed to  be added to  th e  ecosystem  by re c o g n ise d  
p ro c e s se s  (M ille r  1966). A l t e r n a t iv e ly ,  W aring ( 1967) 
b e l ie v e s  t h a t  a t  l e a s t  a s  f a r  as  n i t r o g e n  i s  concerned , 
th e  p ro d u c t iv i ty  o f  p in e s  on poor s o i l s  may be due to  a  
p a r t i c u l a r  e f f ic ie n c y  in  o b ta in in g  n i t r o g e n  req u ire m en ts  
from th e  s o i l .  T h is  l a t t e r  h y p o th e s is  i s  s im i la r  to  t h a t  
p roposed  by S tone and W ill (1965) who -found th e  second 
r o t a t i o n  grow th o f  P . r a d i a t a  a t  N e lso n , New Z ea land , was 
r e ta r d e d  by a  c h ro n ic  n i t r o g e n  d e f ic ie n c y .
S to n e  and W ill  p ro p o sed , b u t w ith o u t c o n f irm a tiv e  
s u p p o r t,  t h a t  th e  p in e  r o o t  had th e  c a p a c i ty  to  e x t r a c t  
n i t r o g e n  from a  s o i l  o rg a n ic  f r a c t i o n  l a r g e ly  u n a v a i la b le  
to ,  and hence co n se rv ed , by th e  n a t iv e  v e g e ta t io n .
E x ten d in g  t h i s  h y p o th e s is  to  A u s t r a l i a ,  p in e  may be a b le  to  
e x t r a c t  n u t r i e n t s  from accum ulated  e u c a ly p t f o r e s t  s o i l  
o rg a n ic  m a t te r ,  w hich would become a v a i la b l e  to  e u c a ly p ts  
on ly  a f t e r  a  much slow er p ro cess  o f  m ic ro b ia l  d eco m p o sitio n . 
A p a r t i c u l a r l y  r e f r a c t o r y  component o f  th e  e u c a ly p t f o r e s t  
o rg a n ic  m a tte r  may be r e s i s t a n t  to  b o th  m ic ro b ia l 
d eco m p o sitio n  and le a c h in g .  For exam ple, s i t e s  m a in ta in ed  
as f i r e b r e a k s  d u r in g  th e  f i r s t  r o t a t i o n ,  and c a r ry in g  on ly  
b racken  o r  o th e r  sh ru b s , o r  r e g u la r ly  c u l t iv a t e d  (and 
presum ably  h ig h ly  le a c h e d ) , may produce s ta n d s  j u s t  as
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vigorous or more vigorous than adjacent second rotation 
plantings, when planted at the same time as the second 
rotation crop. (Florence, pers. comm.). Presumably, the 
P, radiata pine root complex is able to exploit a refractory 
residual component of the original organic matter.
The hypothesis tliat Pirns can extract nitrogen from 
organic sources unavailable or very slowly available to 
indigenous species is an attractive explanation of its 
performance in Australia. The hypothesis presupposes a 
pool of organic nitrogen adequate at least for rapid 
production in the first rotation; it also implies that once 
this pool is depleted or exhausted. Pinus stands may have to 
depend largely on the nutrients circulating through the 
Pinus ecosystem.
12,2.2 Patterns of organic matter and nutrient accumulation 
during stand development
Forest stands do not accumulate organic matter and 
take up nutrients uniformly over a rotation. For example, 
the 2-3 needle pines as a group have a rapid early growth 
phase and reach a relatively early maximum annual production. 
On the other hand, the 5-needle pines, spruces, Douglas fir 
and true firs accumulate organic matter and nutrients more 
slowly in the early stages of stand development but maintain 
an upward trend over a much longer period. The nutrient
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status of a particular species may depend on the relationship 
between the potential maximum nutrient uptake of that species 
during the period of maximum growth and the rate at which 
nutrients become available to the plants from the several 
soil sources. That is, soil nutrients may not be limiting 
at an early stage of stand growth but may become limiting 
towards or during the most rapid growth phase.
Investigations by Forrest and Ovington on the dynamics 
of organic matter and nutrient accumulation and nutrient 
redistribution in ?. radiata forests have contributed much 
towards an understanding of the P. radiata - soil nutrient 
relationship, (Forrest 1 9 6 9, Forrest and Ovington 1970)*
On an uncultivated site at Tumut, N.3 .VST., accumulation of 
organic matter in the early years (1-4 years) of P, radiata 
stand development is slow. However, between 5-7 years 
there is a phase of very rapid organic matter accumulation. 
Indeed maximum dry weight increment probably occurs at this 
time. During the 5-7 year period, total dry weight 
increment in a SQ.II stand was 22,500 kg/ha/ann. During 
the next two yeax- period (7-9) the total weight of crown 
components normally either increases only slightly or 
decreases because of a heavy fall of three year-old needles 
produced prior to full canopy closure. Beyond 10 years, 
further increases in biomass are virtually confined to 
woody components of the tree crop; ground vegetation is
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almost eliminated and needle production - needle shed » 
litter decomposition reach an approximate dynamic balance.
On poorer quality sites (e,g. SQV) accumulation of 
organic matter may differ from that described by Forrest 
and Ovington. For example, on a poorer quality site at 
Kowen, A.C.T., ripped before planting, (at a standard 
spacing of 8ftx8ft ), the maximum foliage weight occurred 
well before canopy closure and indeed maximum annual 
production of new needles probably occurred as early as 
4 years (Chuong 1971)* At Kowen Forest, soil volume and 
hence nutrient storage is presumably the factor limiting 
site productivity and here P, radiata may reach near 
maximum site occupancy well before canopy closure by 
rapidly utilising the limited soil volume.
The pattern of nutrient uptake in the better quality 
stands at Tumut followed a pattern similar to that of 
organic matter. That is, a relatively slow period of 
accumulation was followed by a rapid uptake phase. The 
uptake of several nutrients from the soil during the first 
12 years of stand growth are shown in Table 12.1.
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TABLE 12.1, Annual increase in mineral nutrient content of a 
P, radiata plantation's above ground organic 
matter (excluding litter).
(From Forrest 1969)
Weight in kg/ha 
3-5 years 5-7 years 7-9 years 9-12 years
Phosphorus 1.5 12.3 3.6 6.8
Potassium 10.0 83.7 22.7 38.0
Calcium 3.0 34.6 -10.4 24.2
Despite differences between individual nutrients the 
patterns of accumulation are similar for the three nutrients 
that is, there is a clearly defined maximum uptake phase at 
the 5-7 year period. It is this maximum uptake phase which 
may be critical nutritionally for stand development.
The data in Table 12.1 also reflect marked differences 
in the redistribution of nutrients in trees; for example, 
calcium accumulates in older tissues and following the heavy 
litterfall associated with canopy closure, a considerable 
part of the above-ground calcium is deposited in the litter 
layers. Consequently, within the stands themselves, calcium 
shows a negative increment during the 5“7 year period. On 
the other hand, phosphorus and potassium are taken up from 
the soil over the entire period measured.
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I n  P« r a d ia ta  p la n ta t io n s  th e  s lo p e  o f  th e  s ta n d  
vo lum e/age  l i n e  in  th e  e a r ly  y e a rs  may e s t a b l i s h  th e  s i t e  
q u a l i ty  f o r  th e  whole r o t a t i o n .  In  S ou th  A u s t r a l i a ,  s i t e  
q u a l i ty  i s  e f f e c t iv e ly  e s tim a te d  a t  9 y e a r s ,  and a f t e r  t h i s  
th e r e  i s  v e ry  l i t t l e  d e p a r tu re  found from e s ta b l is h e d  s ta n d  
volume -  s i t e  q u a l i ty  p a t t e r n s .  I f  a  l i m i t i n g  n u t r i e n t  
su p p ly  has a  r o le  in  second r o t a t i o n  p ro d u c t iv i ty  d e c l in e  in  
s ta n d s  on sand dune s o i l s ,  i t  may n o t n e c e s s a r i ly  be 
ex p re sse d  in  any obvious symptoms o f  n u t r i e n t  d e f ic ie n c y ,  o r  
even f o l i a r  n u t r i e n t  l e v e ls  a t  o r  ap p ro ac h in g  l i m i t in g  l e v e l s .  
R a th e r  i t  may be a  r e s u l t a n t  o f  a  d e c re a se d  r a t e  o f  n u t r i e n t  
a v a i l a b i l i t y  d u rin g  th e  second r o t a t i o n  r a p id  u p ta k e  p h ase , 
so t h a t  n u t r i e n t  su p p ly  i s  below optimum in  r e l a t i o n  to  
th e  a v a i l a b i l i t y  o f  o th e r  f a c to r s  o f  s i t e .  A gain , th e  r a t e  
a t  w hich in d iv id u a l  n u t r i e n t s  a re  becom ing a v a i la b le  may 
have changed betw een th e  e a r ly  s ta g e s  o f th e  f i r s t  r o t a t i o n  
( a v a i l a b l e  l a r g e ly  from  e u c a ly p t f o r e s t  o rg a n ic  m a tte r )  and 
th e  e a r ly  s ta g e s  o f  th e  second r o t a t i o n  ( a v a i la b le  l a r g e ly  
from p in e  l i t t e r ) . Changes in  n u t r i e n t  b a la n c e s  cou ld  have 
seco n d ary  e f f e c t s .  F or exam ple, changes in  th e  developm ent 
o f  th e  r o o t  system  in  r e l a t i o n  to  sh o o t p ro d u c tio n  co u ld  
a d v e rs e ly  a f f e c t  th e  p o te n t i a l  o f  th e  r o o t  system  to  h a rv e s t  
s o i l  m o is tu r e .  W hatever th e  n a tu re  o f  th e s e  changes, any 
r e d u c t io n  in  th e  b o le  wood p ro d u c tio n  d u r in g  th e  r a p id  
u p ta k e  phase  i s  l i k e l y  to  be r e f l e c t e d  in  a  low er s i t e  
p r o d u c t iv i ty  l e v e l  over th e  whole o f  th e  r o t a t i o n .
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In  South  A u s t r a l ia n  p la n ta t i o n s ,  s i t e  q u a l i ty  i s  so 
s e n s i t i v e l y  a f f e c te d  by m inor v a r i a t i o n s  in  topog raphy  and 
s o i l ,  t h a t  i t  may need on ly  m inor v a r ia t io n s  in  th e  r e l a t i v e  
a v a i l a b i l i t y  o f  s i t e  f a c t o r s ,  p a r t i c u l a r l y  in  th e  r a p id  
u p ta k e  phase , to  have a  marked in f lu e n c e  on s ta n d  p ro d u c t iv i ty .
1 2 .2 ,3  I n te r n a l  n u t r i e n t  t r a n s l o c a t i o n  -  th e  red u ced  
demand on th e  s o i l  fo llo w in g  canopy c lo s u r e 
and crown developm ent
A f te r  th e  peak n u t r i e n t  u p ta k e  phase ( i n  F o r r e s t 1s s tu d y  
a s s o c ia te d  w ith  th e  approach  to  canopy c lo s u re  -  F o r r e s t  
1969)» th e  r a t e  o f  demand on th e  s o i l  n u t r i e n t s  d e c l in e s .
The t o t a l  crown w eig h t and w e ig h ts  o f n u t r i e n t s  w ith in  th e  
crow n may rem ain  more o r  l e s s  c o n s ta n t  and th e  d r a in  on th e  
s o i l  may be e q u iv a le n t  on ly  to  th o s e  n u t r i e n t s  im m obilised  
in  th e  c o n t in u in g  bolewood and branchwood p ro d u c tio n .
M oreover, fo llo w in g  crown c lo s u r e ,  r e c y c l in g  o f  n u t r i e n t s  
ta k e n  up from th e  s o i l  in  th e  f i r s t  7 y e a rs  o f  s ta n d  
developm ent b e g in s .  F o r r e s t  has p re se n te d  q u a n t i t a t i v e  
in fo rm a tio n  f o r  a, number o f  e lem en ts  showing th e  e x te n t  to  
w hich n u t r i e n t s  in  th e  f o l i a g e  o f  young P . r a d i a t a  s ta n d s  
may be t r a n s lo c a te d  to  new g row th , and th e  d e c l in e  in  demand 
on th e  s o i l  n u t r i e n t  s to r e  a f t e r  canopy c lo s u r e .  F o r r e s t  
d id  n o t p ro v id e  d a ta  f o r  n i t r o g e n ,  b u t th e  fo llo w in g  a re  h is  
e s t im a te s  o f  n u t r i e n t  t r a n s lo c a t io n  f o r  pho sp h o ru s, calcium  
and p o ta ss iu m .
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TABLE 12*2. E s tim a te s  o f  n u t r i e n t  movement a lo n g  pathways 
in  th e  n u t r i e n t  c y c le  o f  a  P . r a d i a t a  
p la n ta t io n  ( f r c a  F o r r e s t  19 6 9 ). kg /ha/annum .
S tan d  age 6-7  y e a rs  
(a p p ro a c h in g  canopy c lo s u re )
S tan d age 12-13 y e a rs
P Ca K P Ca K
S o i l  to  new 
grow th 15*0 51*0 135.0 8 .5 13 .7 3 7 .5
S o i l  to  o ld  
grow th - 9 .0 - - 15.0 -
Old to  new 
grow th 5*0 - 15.0 15 .0 - 7 5 .0
L each ing  
from  canopy 0 .3 3 .0 12.0 0 .4 4 .0 15 .0
L i t t e r  f a l l 3*0 15 .0 15.0 4 .5 16 .7 17 .4
Decomp, o f 
l i t t e r 2*5 1 2 .0 10.0 4 .5 8 .7 17 .4
P a t t e r n s  o f  r e d i s t r i b u t i o n  o f  n u t r i e n t s  v a ry  w ith  
n u t r i e n t  m o b i l i ty  in  th e  t r e e .  F o r e x a m p le ,F o rre s t* s  d a ta  
show t h a t  in  th e  12-13 y e a r  p e r io d , r e d i s t r i b u t i o n  o f  phosphorus 
from o ld e r  t i s s u e  to  new grow th may exceed  th e  u p tak e  from  th e  
s o i l  and th a t  demand on th e  s o i l  phosphorus s to r e  i s  o n ly  
abou t h a l f  t h a t  d u r in g  th e  r a p id  u p ta k e  phase  p r io r  to  canopy 
c lo s u re  (6 -7  y e a r s ) .  S im i la r ly ,  demand on s o i l  po tass ium  i s  
reduced  s u b s t a n t i a l l y  a f t e r  canopy c lo s u r e  (from  135*0 to  
37*5 k g /h a /a n n .)  and th e  movement o f  t h i s  v e ry  m ob ile  elem en t 
from  o ld  to  new grow th  i s  w e ll in  ex cess  o f  th e  u p ta k e .
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By contrast there is no movement of calcium from old to new 
growth, and calcium continues to accumulate in old growth 
from soil uptake. Nevertheless, uptake of calcium from the 
soil at 12-13 years (28,7 kg/ha) is well below that at 6-7 
years (60 kg/ha),
Similar estimates of the movement of nitrogen are not 
available, but it is likely there will be some transfer of 
this element from old to new growth, although it may not be 
of the same order as phosphorus or potassium; there is 
probably also a substantial reduction in the annual demand 
on the soil nitrogen reserves after the rapid uptake phase,
Ritchie (19&8) found evidence of this in an age 
sequence of high quality P, radiata stands on sand dune 
soils in New Zealand, The nitrogen accumulation in trees 
was measured in 5> 15 and 23 year-old stands. Nearly 
900 kg/ha of nitrogen was measured in the 15 year-old 
stand and a similar amount was also measured in the 23 year- 
old stand. Ritchie suggested this indicated the stand’s 
nitrogen requirements were being met by recycling, after 
canopy closure.
It is clear then that under many conditions the size of 
the total potentially available nutrient pool in the soil is 
not as important in the nutrition of P, radiata stands as
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the rate of supply during the periods of rapid nutrient 
uptake. If limiting nutrients are not apparent by the end 
of this growth phase, it is unlikely that nutrients will 
be limiting over the remainder of the rotation. Exceptions 
may occur where soil nutrients are subject to excessive 
leaching or excessive immobilisation in soil complexes.
This soil nutrient - stand growth relationship can 
be expressed in another way. Once the stand has reached 
canopy closure (on sites equivalent to that studied by 
Forrest), the stand may be able to sustain a continuing 
high level of growth for the remainder of the rotation even 
though the rate at which nutrients can be taken up from 
the soil declines appreciably. The real productivity 
problem may come when this stand is harvested and a new 
stand has to obtain nutrients during the rapid uptake phase 
at a rate equivalent to that of the first rotation stand 
at the same atage. Tuis is the problem examined in the 
following section (12.3).
12.3 LITTER DECOMPOSITION AND NUTRIENT RETURN IN P. RADIATA
STANDS
It has been suggested that where the P. radiata forest 
has reached canopy closure after a period of rapid nutrient 
uptake without foliar nutrients becoming deficient, it seems 
likely that in most soils the nutrient supply will be
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adequate for the remainder of the rotation. Thereafter, 
successful continuation of productive forestry into a second 
rotation will depend on the continuing availability of nutrients 
from the original soil organic matter and the capacity of 
micro-organisms to decompose organic .matter from the first 
rotation (litter, logging slash) and mineralise nutrients 
at an adequate rate for the developing new crop.
The rate of litter decomposition and nutrient return 
will depend, in part, on the microbial nutrient and energy 
sources in the litter and the extent to which these are in 
fact available for microbial use; and in turn, the 
availability of these will be related to the nutrient 
concentrations and other characteristics of green needles 
and the changes occurring in these needles as they age prior 
to needle shed.
12.3.1 Changes in gr^en needles as they age and are shed
The patterns of change with needle age in foliar 
nitrogen and phosphorus concentration in South Australian 
stands have been described by Chuong (1971) and referred to 
in this thesis (Chapter 3). As needles age, nitrogen and 
phosphorus concentration progressively decrease. The rate 
at which nitrogen and phosphorus are withdrawn from the 
aging needles is strongly influenced by the nature of the 
soil profile at the site, and distinctive needle age - 
nutrient concentration gradients are evident for the main
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s o i l  ty p e s  in  t h i s  s tu d y . Thus a t  s i t e s  w ith  s o i l s  
t r a n s i t i o n a l  w ith  t e r r a  r o s s a s , t h e  g r a d ie n ts  a re  g e n t le ;  t h a t  
i s , t h e  r a t e  o f  w ith d raw al o f  n u t r i e n t s  i s  slow* On th e  
o th e r  h and , a t  s i t e s  w ith  sand podso l s o i l s ,  fo u r  y e a r -o ld  
n e e d le s  have s u b s t a n t i a l l y  s m a lle r  n i t r o g e n  and phosphorus 
c o n c e n tra t io n s  th a n  one y e a r  o ld  n e e d le s .
U ndoubted ly , d i f f e r e n c e s  In  n u t r i e n t  t r a n s lo c a t io n  
from n e e d le s  a s  th ey  age w i l l  have im p o rta n t d i f f e r e n t i a l  
in f lu e n c e s  on th e  en su in g  l i t t e r  q u a l i ty  -  b o th  in  term s 
o f  low er n u t r i e n t  c o n c e n tra t io n s  and th e  secondary  e f f e c t s  
o f low er n u t r i e n t  c o n c e n tra t io n  on o th e r  b io ch em ica l 
p ro c e s s e s •
12*3*2 In f lu e n c e  o f  s i t e  and l i t t e r  q u a l i ty  on th e  r a t e  o f
l i t t e r  d eco m p o sitio n ; c h a r a c t e r i s t i c s  o f  l i t t e r  w hich 
in f lu e n c e  th e  r a t e  o f  d eco m p o sitio n  and ty p e  o f  l i t t e r  
la y e r
W ith in  s ta n d s  o f  th e  same p r o d u c t iv i ty  th e re  a re  la r g e  
d i f f e r e n c e s  in  th e  r a t e  a t  w hich P . r a d i a t a  l i t t e r  decomposes 
and n u t r i e n t s  become a v a i la b le  fo r  r e c y c l in g .  In  th e  e a r ly  
s ta g e s  o f  s ta n d  developm ent fo llo w in g  canopy c lo s u re ,  th e  
r a t e  o f  l i t t e r  a ccu m u la tio n  f a r  exceeds th e  r a t e  o f  l i t t e r  
decom position*  Even a f t e r  30 y e a rs  when th e s e  two p ro c e s se s  
a re  a p p ro a c h in g  a  dynamic e q u ilib r iu m , m arked d if f e r e n c e s  
occur in  th e  r a t e  o f l i t t e r  d ecom position  and n u t r i e n t
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tu rn o v e r a t  s i t e s  o f s im ila r  p ro d u c tiv ity  but w ith  d i f f e r e n t  
s o i l  p r o f i l e s .  For example, in  South A u s t r a l ia ,  l i t t e r  
decom position and n u t r ie n t  tu rn o v er was slow er on Mt. Burr 
sand o r Nangwarry sand s i t e s  than  on s i t e s  where sand 
podsols were t r a n s i t io n a l  w ith  t e r r a  r o s s a s .  L i t t e r  
decom position and n u tr ie n t  cy c lin g  a re  g re a te r  s t i l l  on the  
pumice s o i l s  in  New Z ealand . At 35 y ea rs  a». SQII s tan d  in  
New Zealand had 112 kg/ha n itro g e n  im m obilised in  
undecomposed l i t t e r  on th e  fo r e s t  f lo o r  (W ill 1964)« In  
South A u s t r a l ia ,  th e  sandy podsol s i t e s  had up to  680 kg /ha 
o f l i t t e r  n itro g e n , i . e .  n e a r ly  6 tim es th e  w eight a t  
about th e  same ag e . S o ils  t r a n s i t io n a l  between sands and 
t e r r a  ro s sa s  had 420-500 kg /ha and th e  c lo s e s t  approach 
to  th e  New Zealand accum ulations was th e  deep t e r r a  ro s s  a 
s o i l  which had 137 k g /h a .
In  t h i s  th e s i s  an a ttem pt has been made to  exp lo re  
b ro ad ly , th e  f a c to r s  a sso c ia te d  w ith , o r c o n tr ib u tin g  to ,  
markedly d i f f e r e n t  r a te s  o f l i t t e r  decom position on s i t e s  
w ith in  th e  one geographic re g io n , and having  s im ila r  le v e ls  
o f bolewood p ro d u c tio n . The s tu d ie s  re p o r te d  throw some 
l i g h t  on th e  problem , and c e r ta in ly  h ig h l ig h t  th e  com plexity  
of th e  l i t t e r  o rg an ic  m a te r ia l and th e  decom position 
p ro c e sse s . The main f in d in g s  fo llo w .
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All F-layer litter material (and this constitutes the 
greater part of the litter accumulated on the forest floor 
in South Australia) is relatively resistant to microbial 
attack, and this resistance is related primarily to the rate 
at which microbial energy sources become available in the 
decomposing litter. Availability of microbial energy, 
rather than nutrient.per se, is the factor most limiting 
the decay process.
In all decomposition studies (with the exception of 
that involving repeated heat sterilisation of litter) the 
rate of weight loss declined rapidly with time. While it 
seemed this could be explained in terms of the accumulation 
of substances or organisms inhibitory to breakdown 
organisms, no evidence for this could be found in a study 
using the sensitive organism Rhizobium and fresh and 
decomposing litters from the field. The rapid decline in 
the rate of weight loss (virtually zero after several weeks 
in an apparently favourable environment) is more likely 
associated with a rapid exhaustion of readily available 
microbial energy sources.
While all F-layer material is relatively strongly 
resistant to decomposition, there are some differences 
between litters in their resistance to decay* Indeed, 
variation in the amounts of litter accumulated under
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different stands is closely correlated with variation in 
inherent susceptibility to microbial decay (as measured in 
laboratory decomposition and microbial respiration studies). 
From a limited investigation, supported by literature 
review, there is no evidence that the large differences 
in accumulation are substantially related to quantitive or 
qualitative differences in soil fauna populations#
The reasons for differences in decay susceptibility 
are complex. For example, litter decomposition is not 
related directly to difference between litters in their 
nitrogen and phosphorus concentrations, although stands 
with the smallest litter accumulations generally have 
largest litter nutrient concentrations, and conversely 
stands with largest litter accumulations generally have the 
smallest nutrient concentrations. There are several 
factors which are believed to contribute to litter decay 
susceptibility.
(i) differences in the rates at which nutrients are 
withdrawn from needles as their age will determine not 
only the nutrient status of needles falling to the forest 
floor, but probably the polyphenol content of the needles 
as well and hence the proportion of the organic material 
available as a microbial substrate.
(ii) the rate of release of mineral nitrogen from 
F-layer litter material is significantly related to foliar 
nutrient concentrations in older green needles, but not to
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the nitrogen concentration in the litter itself. The 
tanning complexes which may form In litter following 
deposition on the forest floor, and which influence 
decomposition rates and nett nitrogen mineralisation may 
be in part a function of the nutrient concentration and 
nutrient balances in older needles,
(iii) because patterns of decay, respiration and 
nett nitrogen mineralisation respectively are dissimilar 
in the series of litters studied, it is suggested that the 
relative proportion of organic matter available as a 
microbial energy substrate, and the relative size of the 
active nitrogen pool in P, radiata litter may vary 
independently. Litters which are of a mull-form may have 
relatively larger proportion of available energy substrate, 
and relatively larger active nitrogen pools0, conversely, 
litters which are of a mor-form may have a relatively 
larger component of one or other of the above parameters, 
but not both.
A complete understanding of litter quality and 
litter nutrient cycling will depend on a more detailed 
examination of foliar nutrient levels, relative polyphenol 
contents and the formation and decay of polyphenol 
complexes in organic matter. Nevertheless, these studies 
have highlighted the possible significance of the 
decomposition and nutrient mineralisation processes in the 
litter of the P, radiata ecosystem and their possible
bearing on continuing plantation productivity
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1 2 ,4  LITTER NUTRIENTS A3 A SOURCE OF NUTRIENTS FOR THE
SECOND ROTATION STAND
In n early  a l l  South A u stra lia n  sta n d s , the r a te  o f  
organ ic  m atter and n u tr ien t c y c l in g  i s  s low , and i t  i s  
p a r t ic u la r ly  slow  where stands are growing on sand dune and 
r e la te d  s o i l s .  In South A u s tr a lia , the turnover r a te  o f  
P. ra d ia ta  l i t t e r  i s  s im ila r  to  th a t in  New Zealand fo r e s t s  
o n ly  where th e s o i l s  are deep te r r a  ro ssa s  -  hut th ere  is  
v ery  l i t t l e  o f th is  w ith in  the p la n ta tio n  s o i l s  complex. 
However, to  say  th a t the turnover r a te  on sand dune s o i l s  
i s  slow does not n e c e s s a r ily  mean th a t t h is  p rocess i s  a 
l im it in g  fa c to r  co n tr ib u tin g  s u b s ta n t ia lly  to  p ro d u ctiv ity  
d e c lin e s  in  second r o ta t io n  f o r e s t s .  In th is  s e c t io n  
th e r e fo r e , the amount o f n itro g en  required  during the  
rap id  uptake phase in  order to  m aintain  second r o ta t io n  
p r o d u c tiv ity  i s  examined a g a in st  th e  background o f  the  
l i k e l y  a v a i l a b i l i t y  from r e s id u a l p ine l i t t e r  and other  
d e b r is , and from the o r ig in a l s o i l  organic m atter so u rces . 
F in a l ly ,  the organ ic  matter and n u tr ie n t  c y c l in g  in  
P, ra d ia ta  f o r e s t  i s  examined in  terms o f fo r e s t  
p r o d u c tiv ity  -  n u tr ien t c y c lin g  r e la t io n s h ip s  d erived  from 
ecosystem  s tu d io s  in  other v e g e ta t io n  ty p e s .
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12,4.1 Nutrient sources for the second rotation rapid uptake 
phase
The time required for the complete decomposition of litter 
material appears to vary markedly. In New Zealand Will (1964) 
accepts that P. radiata litter takes about 3 years to decompose. 
On the sandy podsols in South Australia it would take much 
longer than this. For example, the annual litter-fall on 
a sand podsol site is about 3600 kg/ha with a typical 
litter accumulation of 24000 kg/ha; i.e. the decomposition 
cycle may take 6-7 years. Moreover, this would be under 
the relatively favourable environmental conditions imposed 
by the stand canopy. In replanted stands, fragmented but 
"whole" needles may still exist on the surface and within 
the upper soil horizons for up to five years after felling 
of the original forest. In the field decomposition studies 
reported in this thesis, weight loss was examined only 
under "stand" conditions. It would be interesting to examine 
the weight loss on the exposed surface of the sandy soils.
In this discussion considerable emphasis has been 
placed on the importance of the rapid uptake phase in 
P. radiata stand development on good quality sites. In the 
second rotation, continuing productivity will be achieved 
only if the soil is capable of supplying nutrients to the 
crop at the same rate as they were supplied in the first 
rotation during the rapid uptake phase. In the second
rotation these will come from:
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(a) decomposition of the accumulated Pirns organic 
matter both in the form of accumulated litter and 
as logging slash left after clear felling,
(b) the native or original eucalypt forest soil humus.
The possible nature of the supply of nitrogen from each 
of these sources is now examined.
12,4.2 ITitrogen supply from organic matter
The total weight of organic matter and nitrogen 
contained in the litter and slash after clear felling a 
good quality P, radiata forest could be as followss
Weight (kg/ha)
Organic Matter Nitrogen
Undecomposed litter * 22000 505
Logging debris ** 29120 134
Total 59120 639
* Data from Mt. Burr sand, Site 6 (SQ,III +)
** This is the figure used by Will (1964) for a SQII stand 
clear felled at 35 years. It may be excessive for South 
Australian stains.
• -i ' J * 1
There are no direct data showing what the annual uptake 
of nitrogen could be during the rapid untake phase in a 
SQJI - III stand. However, an approximate quantity can be 
estimated using the dry weight data measured by Forrest (19&9)
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i n  th e  5 and 7 y e a r -o ld  s ta n d s  a t  Tumut and th e  n it ro g e n  
c o n c e n tra t io n s  re p o r te d  f o r  v a r io u s  s ta n d  com ponents o f  
P . r a d i a t a  in  Sou th  A u s t r a l i a  by S tephens and Bond (1957)« 
T h is  c a lc u la t io n  o f  n i t r o g e n  u p ta k e  i s  g iv en  in  T ab le  12.3 
and t h i s  shows t h a t  d u r in g  th e  peak u p tak e  phase th e  demand 
on th e  s o i l  cou ld  be abou t 108 k g /h a /a n n .
TABLE 1 2 .3 . T o ta l  n i t ro g e n  u p ta k e  by P . r a d i a t a  d u r in g  
th e  r a p id  u p tak e  phase  5~7 y e a rs  a f t e r  
e s ta b lish m e n t
Component O rganic m a tte r  
accu m u la tio n  
d u rin g  p e r io d  
5-7  y e a rs  
x103 k g /h a /a n n .*
IT
p e rc e n t
- * *
N
u p tak e  
d u rin g  
p e r io d  5-7 
y e a rs  
k g /h a /a n n .
Branchwood 6,86 0.25 17.15
F o lia g e 4.78 1.48 70.74
B o leb ark 1.21 O.O65 0 .7 9
Bolewood + cones 9 .19 0.065 5 .97
L i t t e r  on f o r e s t f lo o r  1 .45 0 .92 13.34
107.99
* B ata  from  P . r a d i a t a  a t  Turret (F o r r e s t  1969)
** Based on a n a ly s i s  o f  t r e e  a t  Mt. B u rr; S tep h en s and Bond
(1957)
A nother b ro ad  e s tim a te  can  be d e r iv e d  from  th e  d a ta  o f 
R ic h ie  ( 1968) w hich in c lu d e s  m easurem ents o f  n i t r o g e n  u p tak e
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betw een 5 and 15 y e a rs  by a h ig h  q u a l i ty  P . r a d i a t a  s ta n d  on 
sand  dune s o i l s  in  New Zealand?
N itro g e n  in  t r e e  ( in c lu d in g  ro o ts )  p lu s  l i t t e r  a t
5 y e a rs  = 1000 k g /h a
N itro g e n  in  t r e e  ( in c lu d in g  ro o ts )  p lu s  l i t t e r  a t
15 y e a rs  = 2250 k g /h a
Thus mean annual n i t r o g e n  u p ta k e  betw een
5 and 15 y e a rs  = 125 k g /h a
T hese e s tim a te s  o f  an n u a l in c rem en ts  (108 k g /h a  and 
125 k g /h a ) a re  e q u iv a le n t  to  about 17- 20$  o f  th e  t o t a l  n i t r o g e n  
c o n ta in e d  in  th e  l i t t e r  and lo g g in g  s la s h  re m a in in g  a f t e r  c l e a r  
f e l l i n g  a t  th e  end o f th e  f i r s t  r o t a t i o n .  However, f o r  a  
number o f  re a s o n s , i t  i s  su g g es ted  th a t  t h i s  o rg a n ic  m a tte r  
can  su p p ly  on ly  a  sm a ll f r a c t i o n  o f th e  n i t r o g e n  re q u ire d  
d u r in g  th e  r a p id  u p ta k e  pha.se by th e  second f o r e s t  c ro p .
( i )  Optimum d eco m p o sitio n  and n u t r i e n t  m in e r a l i s a t io n  
may o n ly  o ccu r u nder th e  fa v o u ra b le  m icro -en v iro n m en t produced  
by th e  s ta n d  -  p a r t i c u l a r l y  w ith in  th e  F - la y e r  when i t  i s  over 
l a i n  by an  u n d is tu rb e d  L - la y e r .  M oreover, under th e s e  ' 
c o n d i t io n s  th e r e  i s  a  c o n t in u in g  a c c e s s io n  o f energy.» 
r i c h  L - l i t t e r  to  h e lp  s t im u la te  th e  decay  p ro cess  in  th e  
F - l i t t e r .  Even u nder th e s e  c o n d i t io n s ,  t o t a l  n u t r i e n t  
m in e r a l i s a t io n  and r e l e a s e  would n o t be a s  g r e a t  as  17- 20$  o f  
th e  n i t r o g e n  in  th e  o rg a n ic  l a y e r s .
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( i i )  In  th e  f e l l e d  f o r e s t ,  th e  l i t t e r  la y e r s  a re
d is tu rb e d  and much o f th e  P - l i t t e r  i s  exposed to  h ig h  . 
te m p e ra tu re s  and d e s s ic a t in g  in f lu e n c e s .  T here i s  no c o n tin u e d  
a c c r e t io n  o f  e n e rg y - r ic h  L—l i t t e r . Under th e se
c o n d it io n s  m in e r a l i s a t io n  may be p a r t i c u l a r l y  s low ,
( i i i )  When p in e  s e e d lin g s  w ere grown d i r e c t l y  in  
F - la y e r  m a te r ia l  in  th e  fa v o u ra b le  c o n d i t io n s  o f th e  g la s s  
ho u se , n i t r o g e n  was n o t r e le a s e d  a t  an a d eq u a te  r a t e  f o r  
s a t i s f a c t o r y  s e e d l in g  g row th . T h is was p a r t i c u l a r l y  a p p a re n t 
in  l i t t e r s  from low er q u a l i ty  s i t e s  and sand  podso l s o i l s .  
Phosphorus was more r e a d i ly  a v a i la b le  th a n  n itro g e n *
( iv )  V ary ing  amounts o f  th e  o rg a n ic  m a tte r  would be 
b u rn t ( i n  b ro a d c a s t o r windrow b u rn in g ) ,  le a d in g  to  n u t r i e n t  
lo s s e s  in  th e  gaseous form  o r by le a c h in g  from  th e  sandy 
s o i l s .
(v) I t  co u ld  be ex pec ted  th a t  l i t t e r  decom p o sitio n  
and n u t r i e n t  m in e r a l i s a t io n  would be a t  a  maximum r a t e  
im m ed ia te ly  a f t e r  c l e a r  f e l l i n g ,  and d u r in g  th e  r a p id  uptalee 
phase o f  th e  second c ro p  5~7 y e a rs  l a t e r ,  th e  more r e f r a c t o r y  
l i t t e r  m a te r ia ls  o n ly  w ould be decom posing and r e le a s in g  
n u t r i e n t s  more s lo w ly .
( v i )  Even w here th e  ro o t  system  o f  th e  second c ro p  
deve lo p s r a p id ly ,  some p a r t  o f  th e  m in e ra l n u t r i e n t s  r e le a s e d  
w i l l  be l o s t  by le a c h in g .
-  283 -
It seems reasonable to suggest therefore that only a 
small proportion of the 108 kg/ha of nitrogen required by the 
second crop at age 5-7 years could be obtained from 
decomposition of the original pine organic matter*
Continued production at the first rotation standard must 
depend therefore on the continued availability of nitrogen 
from the original soil organic matter sources.
There is some evidence to suggest that the rate of 
supply of nitrogen from the original (eucalypt) organic 
matter sources may diminish over the period of the first 
rotation. Several workers have observed substantial 
decreases in the total soil nitrogen after the first 
rotation of P. radiata (Waring 1962, Raupach 196?). More 
particularly, some data of Florence and Lamb (unpublished) 
shows the amount of available nitrogen also decreases 
during the first rotation of pines. This data is 
tabulated in Table 12.4 below and shows the uptake of 
nitrogen by P, radiata seedlings grown in the surface soil 
from young second rocation stands and from comparable sites 
retaining the indigenous eucalypts. Without nutrient 
additions the uptake of nitrogen in both the second rotation 
soils was reduced by about 70?o,
-  284 -
TABLE 12.4*  N itro g e n  u p ta k e  (rag) by P . r a d i a t a  s e e d lin g s  
from Nang/zarry s u r fa c e  s o i l s  (0 -5  cm)
4 r e p l i c a t e s .
S o i l  N u p ta k e  (+ SE)
E u ca ly p t 23 .10  + 1.91
Second r o t a t i o n
-  a sh  bed 5*37 + 0 .19
-  non a sh  bed 7 »85 + 0 .2 6
O th er ev id en ce  i s  c o n f l i c t i n g .  In  th e  1968/69 a n n u a l 
R ep o rt o f  th e  S o u th  A u s t r a l ia n  Woods and F o re s t  D epartm en t,
P . r a d ia te ,  s e e d lin g s  grown in  a  Nangwarry sand in  p o ts  w ere 
re p o r te d  to  grow f a s t e r  in  second r o t a t i o n  s o i l s  th a n  in  s o i l s  
from v i r g i n  e u c a ly p t f o r e s t .  When a  v a r i e t y  o f c ro p  p la n ts  
were t e s t e d ,  th e  g r e a t e s t  y ie ld s  in  Nangwarry sands w ere 
m easured in  v i r g i n  s o i l s  w h ile  in  M t. B u rr sa n d s , th e  g r e a t e s t  
y ie ld s  w ere found in  second r o t a t i o n  s o i l s .
A lth o u g h  t h i s  ev id en ce  i s  c o n f l i c t i n g  i t  can a t  l e a s t  
be s a id  t h a t  n i t r o g e n  has r a r e l y  been  found to  be l i m i t i n g  in  
f i r s t  r o t a t i o n  s o i l s  ex cep t where la r g e  a p p l ic a t io n s  o f 
phosphorus have been  made. As some p o t exp erim en ts  on second 
r o t a t i o n  s o i l s  now show re sp o n se s  to  n i t r o g e n  a lo n e , i t  seems 
re a s o n a b le  to  i n f e r  t h a t  th e  pool o f  s o i l  n i t r o g e n  i s  n o t as  
la rg e  a t  th e  end o f  th e  f i r s t  r o t a t i o n  as i t  was a t  th e  
b e g in n in g .
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1 2 .4 .3  P ro d u c t iv i ty  and n u t r i e n t  c y c l in g  in  th e  P . ra d  i  a t  a 
p la n ta t io n s  in  r e l a t i o n  to  o th e r  f o r e s t  ecosystem s
In  f o r e s t  e c o s y s te m s ^ l i t te r  acc u m u la tio n s  in  n a t u r a l  
com m unities v a ry  v e ry  w id e ly . D e sp ite  t h e i r  v e ry  la rg e  
b iom ass, t r o p i c a l  r a i n f o r e s t s  g e n e ra l ly  have sm all l i t t e r  
a c c u m u la tio n s ; fo r  exam ple L aude lo t and Meyer (1554) 
r e p o r te d  betw een 4 ,000  k g /h a  and 7 »000 k g /h a  in  s e v e r a l  
f o r e s t s  in  th e  Congo r e g io n .  In  te m p e ra te  re g io n  f o r e s t s ,  
l i t t e r  accu m u la tio n s  a r e  g e n e ra l ly  g r e a t e r ,  and ran g e  
betw een abou t 9»000 k g /h a  and 26,000 k g /h a  ( e .g .  Metz 1952, 
H am ilton  1964) .  S t i l l  h e a v ie r  l i t t e r  a ccu m u la tio n s  a re  
common in  co o l te m p e ra te  f o r e s t s .  H eilm an and G esse l (1983) 
found up to  40,000 k g /h a  of o rg a n ic  m a tte r  in  s e v e ra l  poor 
q u a l i ty  D ouglas f i r  s ta n d s  in  the  w est c o a s t  o f  th e  U .S.A . 
and Jenny e t  a l .  (1949) m easured more th a n  180,000 k g /h a  
under slow  grow ing P , ponderosa s ta n d s  on th e  S i e r r a  Nevada, 
m ountains in  C a l i f o r n ia .
L i t t e r  a ccu m u la tio n s  under s ta n d s  o f  P« r a d i a t a  in  
A u s t r a l i a  and New Z ea lan d  f a l l  b ro a d ly  w ith in  th e  ty p i c a l  
ran g e  f o r  te m p era te  f o r e s t  r e g io n s .  In  New Z ea land , W ill 
( 1964) found 13»500 k g /h a  o f  o rg a n ic  m a tte r  in  th e  l i t t e r  
la y e r s  o f  s ta n d s  grow ing on pumice s o i l  w h ile  in  A .C .T ., 
H am ilton  ( 1964) found amounts v a ry in g  betw een 15»000 and 
24,000 k g /h a . In  r e l a t i o n  to  th e s e ,  th e  accu m u la tio n s  o f 
up to  28 ,000  k g /h a  found on Mt. B urr sands in  Sou th  A u s t r a l i a  
a re  s l i g h t l y  n ig h e r  th a n  most te m p era te  re g io n  f o r e s t s ,  b u t 
a r e  n o t e x c e s s iv e ly  g r e a t e r .
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The energy flow  tliro u g h  a  f o r e s t  ecosystem  i s  
r e p r e s e n te d ,  in  p a r t ,  by th e  an n u a l a c c e s s io n  o f carbon  in  
th e  form  o f l i t t e r  f a l l  to  th e  f o r e s t  f l o o r ,  w ith  consequen t 
energy  r e le a s e  by th e  r e s p i r a t i o n  o f  consumer o rg a n ism s .o r  by 
t r a n s f e r  o f  energy a lo n g  food  c h a in s .  A ccum ulating  l i t t e r  
i s  ev id en ce  o f  a  s low er r a t e  o f energy  r e l e a s e .  I t  i s  
a x io m a tic  t h a t  h ig h  le v e l s  o f ecosystem  p ro d u c tio n  can be 
m a in ta in e d  on ly  where energy  flow  i s  r a p id ,  p a r t i c u l a r l y  
on s o i l s  w ith  low n u t r i e n t  r e s e r v e s .  W ith in  f o r e s t  
eco sy s tem s, low s to ra g e  o f  o rg a n ic  m a tte r  o r  a  h ig h  r a t e  
o f  o rg a n ic  m a tte r  tu rn o v e r  i s  c h a r a c t e r i s t i c  o f h ig h ly  
p ro d u c tiv e  f o r e s t s  and c o n t r a s t s  w ith  l a r g e r  accu m u la tio n s  
o f  ca rb o n  (energy) in  th e  r e l a t i v e l y  u n p ro d u c tiv e  co o l 
te m p e ra te  f o r e s t s  (O lsen  1963)« Even w ith in  s ta n d s  o f  
th e  same s p e c ie s ,  Yamamoto e t  a l .  (1966) found 
p r o d u c t iv i ty  was c lo s e ly  r e l a t e d  to  th e  r a t e s  o f  o rg a n ic  
m a tte r  and n u t r i e n t  tu rn o v e r ,
O lsen  ( 1963) U3ed th e  d eco m p o sitio n  c o n s ta n t "k" as 
an  in d ex  o f  tu rn o v e r , w here
k _ annual l i t t e r  f a l l  (assum ing a
------------------------------------------------  s te a d y  s t a t e
accu m u la tio n  on f o r e s t  f l o o r  c o n d itio n )
O lsen  showed th a t  w h ile  k  ranged  betw een 1 and 4 in  h ig h ly
p ro d u c tiv e  t r o p i c a l  r a i n f o r e s t s ,  i t  was 0 , 20- 0 ,25  in  l e s s
p ro d u c tiv e  tem p era te  f o r e s t s  and a s  low as  0 ,015  in  slow
grow ing co o l tem p era te  re g io n  f o r e s t s ,  R odin  and
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Bazilovitch (1967) used a similar index and regarded 
communities with a k value of less than 0.16 as ’’very 
retarded” in terms of turnover rates.
A high quality P, radiata forest may he ranked amongst 
the most productive in the world (Will 1964) and it might be 
expected that organic matter decomposition and nutrient 
release in better quality P. radiata plantations would be 
substantially more rapid than usual in temperate region 
forests. In fact the litter fall and litter accumulation 
data in Pig. 12*1 demonstrate that the k values of most 
Australian P, radiata stands fall within the region occupied 
by many eucalypt and temperate region forests. Moreover, 
the k values for the South Australian stands on sand dune 
soils (30 years and older and assumed to be approaching a 
steady state) approximate those of less productive, dry 
sclerophyll eucalypt forest rather than of a more productive 
wet sclerophyll eucalypt forest. In terms of ecosystem 
processes, these data suggest a possible incompatability 
between the first rotation productivity of the South 
Australian P. radiata forests and their storage of nutrients 
and energy.
From the data presented in Chapter 3 and from the 
observations of other workers (Will 196?, Miller 1969) 
nitrogen is the element most strongly immobilised in these 
pine litter accumulations. When the decomposition
PIGo12.1 Annual fall and total litter accumulation in 
plant communities. Decomposition constant
, annual fallIT mm. TV T I ■ -JBTaccumulation on forest floor
Tropical rainforest 
Temperate forest 





1-3 Laudelot and Meyer '954» 4 Nye 
et al. 1949» 7 Cornforth 1970#
(h) Temperate forest
- Wet sclerophyll eucalypts: 8,9,11 Hamilton 1964;
10 Attiwell 1968}
- Dry sclerophyll eucalypts: 12-15 Hamilton 1964?
16 Hatch 1955?
- Other: 17-25 Metz 1952; 26 Hannon 1958; 27 Bevege 
and Richards; 28 Miller 1963*
- P. radiata: 22, Will 1}64; 30-35 Hamilton 1964.
(c) Cool temperate forest
39,40,44,48,50 Heilman and Gessel 1963; 38, Minderman
1968; 41,43,45,47,48,49 «Jenny et al. 1949? 42,































PIG. 12 .2  A nnual f a l l  and t o t a l  acc u m u la tio n  o f  n i t r o g e i
in  l i t t e r  in  v a r io u s  p la n t com m unities
D ecom position  c o n s ta n t annual f a l l  o f  N N accum ula tion  on 
f o r e s t  f lo o r
R ain  f o r e s t  
Tem perate f o r e s t  
Cool te m p e ra te  f o r e s t  
P . r a d i a t a  -  S ou th  A u s t r a l ia  
-  New Z ealand
▲
R e fe re n c e s :
1-4» Jenny  e t  a l .  1949» 5* M ille r  1966; 6 -1 4 , Metz
1954; 16 , Hannon 1958» 17, Nye 1961; G reen lan d
and Kowal 196O; 18 , M ille r  1963; 19, W ill 1964;
20 , S w itz e r  e t  a l .  1968; 2 1 , C o rn fo rth  1970; 2 2 -26 ,
H eilm an and G esse l 1963.
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constant k is expressed in terms of nitrogen, these 
relatively slow rates of litter decomposition and nitrogen 
release are even more pronounced (Fig. 12.2), For example, 
the rate of nitrogen cycling in rainforest is rapid with 
k = 1.0, and high quality P, radiate, in New Zealand has a 
k value of 0.35. Southern pine and hardwood forest in the 
south east of U.S.A. have k values around 0.12. However, 
the rate of nitrogen turnover in the P . radiata stands in 
South Australia is very slow and k values are as low as
0.05.
When examined in terms of Olsen* s "broad relationship 
between ecosystem productivity and nutrient cycling, it 
seems likely that nearly all P. radiata plantations in 
South Australia have nutrient cycling rates which are 
incompr t i ’le with the productivity levels achieved in 
better quality stands in the first rotation. Only in the 
high quality New Zealand stand for which data, are available 
is it possible to suggest a compatibility between site 
productivity and organic matter and nutrient cycling.
Where soil nutrient capital is limited, as on the South 
Australian sand dune soils, and the cycling rate is 
particularly slow, it is doubtful whether the production 
rates of the initial rotation could be maintained 
indefinitely.
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It is tentatively concluded therefore, that on the sand 
dune soils in South Australia., a slow rate of organic matter 
and nitrogen turnover is a major factor associated with the 
problem of continuing plantation productivity on these soils.
12.5 SOIL MOISTURE AS A FACTOR IN PRODUCTIVITY DECLINE
The evidence supporting the cs.se that inadequacies in 
nutrient cycling contribute to the productivity decline 
does not exclude the possibility that other site factors 
may also be important. For example, in South Australia 
Holmes and Colville (1968) have reported, an adverse 
change in the water balance on sites planted with pines, 
relative to that on sites planted with pasture. There is 
no evidence of greater incidence of drought damage in stands 
where second rotation productivity has declined, but this 
does not necessarily mean that adverse water balance changes 
are not contributing to the decline. A drop in the water 
table for example, could reduce water available to the. 
main rooting zones, while deeper roots on the sandy soil 
are able to supply enough water to prevent drought death 
in dry periods.
The possible significance of soil moisture supply in 
the upper soil horizon is also suggested by the improved 
growth of a second rotation planting when the surface soil 
is covered by a mulch of pine sawdust. Conservation of
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moisture may be an important factor in improved growth - 
though this may also be due to the greater rates of 
nutrient mineralisation under the favourable micro- 
environmental conditions provided by the mulch. The 
significance of the nutrient factor, at the early growth 
stage at least, is suggested by the very strong ash-bed 
effect evident at some sites. It seems unlikely a severe 
surface heat, destroying surface and upper soil horizon 
organic matter^could improve the soil moisture status.
At the same time, an initial nutrient-induced stimulus to 
root production could result in a much greater potential 
for harvesting* limiting moisture supplies, and in 
particular ensure access to deeper water tables.
12.6 SITE AMELIORATION
If nutrient return from pine litter and logging debris 
cannot provide a nutrient pool of sufficient size to meet 
the second rotation, rapid uptake phase (or even earlier) 
nutrient requirements, and if this is the major factor 
contributing to the decline in site productivity, then there 
are two site-amelioration approaches,
(i) application of mineral nutrients to improve the 
nutrient pool, and
(ii) conversion of the pine organic matter to a type 
from which pine roots can extract nutrients 
more readily.
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U sing  th e  f i r s t  ap p ro ach , n u t r i e n t  a p p l ic a t io n s  could  
be n ecessa ry *  T hese cou ld  be  a t  th e  tim e o f p la n t in g  and 
p o s s ib ly  a g a in  a t  th e  b e g in n in g  o f ,  o r d u r in g , th e  r a p id  
u p ta k e  p h ase , ./h e re  n i t r o g e n  a p p l ic a t io n s  a re  in v o lv e d , 
lo s s e s  o f t h i s  e lem ent cou ld  be s e r io u s  th ro u g h  im m o b ilis a tio n  
in  herbaceous and sh rub  g row th , and th ro u g h  le a c h in g  th rough  
th e  c o a rse  sandy s o i l s .  The c o s t  o f f e r t i l i z i n g ,  p a r t i c u l a r l y  
w here a  r e p e a t  a p p l ic a t io n  i s  n e c e s s a ry , cou ld  be econom ica lly  
l i m i t i n g .  A l te r n a t iv e ly ,  an i n i t i a l  a p p l ic a t io n  o f  f e r t i l i z e r  
w hich  in c lu d ed  n i t r o g e n  m ight le a d  to  some a c c e le r a t io n  o f 
d eco m p o sitio n  o f  p in e  l i t t e r  and lo g g in g  d e b r i s ,  b u t g iven  
th e  r a th e r  u n fa v o u ra b le  o rg a n ic  m a tte r  breakdown environm ent 
in  b a re  sandy s o i l s ,  s t im u la t io n  o f  n u t r i e n t  r e l e a s e  may 
n o t bo v e ry  s i g n i f i c a n t .
The second approach  co u ld  in v o lv e  f e r t i l i z i n g ,  
e s t a b l i s h in g  a  g ra ss-leg u m e  m ix tu re ,  and s h o r t- te rm  
g ra z in g .  The e f f e c t  o f n i t r o g e n  en richm en t th ro u g h  legume 
n i t r o g e n  f i x a t i o n ,  th e  g ra z in g  an im a l, and th e  more 
fa v o u ra b le  o rg a n ic  m a tte r  breakdown environm ent o f th e  
p a s tu r e  co u ld  le a d  to  r a p id  n u t r i e n t  m o b i l is a t io n  from 
th e  p in e  o rg a n ic  m a tte r  and i t s  r e - im m o b il is a t io n  i n  
g ra ss -leg u m e  o rg a n ic  m a t te r .  T h is  l a t t e r  o rg a n ic  m a tte r  
may be a  much b e t t e r  so u rce  o f  n u t r i e n t s  f o r  P in u s  th a n  
th e  p in e  l i t t e r  i t s e l f .  P in u s in  g e n e ra l ,  and P . r a d i a t a  
i s  no e x c e p tio n , d evelops v e ry  w e ll  on g ra s s la n d  s i t e s ,
even n u t r i t i o n a l l y  d e p le te d  g r a s s la n d  s i t e s ,  s u g g e s tin g
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the pine root complex may have some particular ability to 
utilise nutrients immobilised in grassland organic matter.
The short-term grass/legume/grazing rotation could 
have favourable long term consequences through the 
conservation and even enhancement of organic matter content 
in the light sandy infertile soils of the dune ranges.
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Append ix  2
S o i l  P r o f i le ^ P c sc r ip t io n s  a t  S o i l  S e r ie s  S i t e s
SITE 1 Nang v" S n l id
C-23cm l i g h t  g rey  sand  (10 yr« 7 / 1 )
2 3 -1 34cm w h ite  s.and
134-164cm g ra d u a l change to  a y e llo w  loamy sand
164cm+ o ra n g e -y e llo w , sandy , c la y  w ith  d a rk  orange 
f le c k s
SITE 2 Nangw arry  sand  -  W andilo sand  t r a n s i t i o n a l
P r o f i l e  1
0~58cm p a le  rgrey sand  (10 y r .  5 /1 -2 )  g ra d u a l ly  
becom ing yelloxv w ith  d ep th
58- 99° ^ y e llo w -w h ite  sand
99-140cm th i n  g ra v e l la y e r  o v e r ly in g  a y e llo w -o ra n g e  
sand  c la y
140criH- o ra n g e -y e llo w , c la y
P r o f i l e  2
0-61 cm g rey  sand  (10 y r .  5 / l ~ 2 ) , becom ing p a le r  w ith  
d ep th
6l-76cm p a le  y e llo w -w h ite  sand
76-91 cm g ra v e l am ongst san d , s to n e  s l i g h t l y  p i t t e d
91 cm+ heavy , s t r u c t u r e l e s s ,  o l i v e ,  c la y  w ith  
o range and re d  m o ttle s
SITE 3 W andilo send
0 -2 3cm lo o se  p a le  brown sand  (10 y r .  6/ 3 ) g ra d in g  to
23-43cm y e llo w -g re y  san d , chang ing  a b ru p tly  to
1 7 -4 3cm th in  and s p a rs e  g ra v e l la y e r
43cm+ o ran g e -y e llo w  c la y  w ith  re d  in c lu s io n s .  
C lay has a frag m en ta ry  s t r u c t u r e
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SITE 4
0—48cm p a le  grey-brow n sand  (10 y r .  5/2 )  g ra d in g  in to
48-69cm p a le  brown sand  c o n ta in in g  p in k  sand  g r a in s .  
Some g ra v e l a ls o  p r e s e n t .
69cith- y e llow -b row n , sandy c la y  w ith  o range in c lu s io n s
The s i t e  i s  lo c a te d  on th e  s id e  o f  a  g e n t le  s lo p e  and i s  
p ro b a b ly  b e t t e r  d ra in e d  th a n  most o th e r  meadow p o d so ls  in  
th e  S Q II, age sequence .
SITE 5 Mt. B urr sand
0- 30cm brown sand  10 y r .  5/3 -  g ra d u a l ly  chang ing  in  
c o lo u r  to
30-68cm y ellow  sand
68- 96cm d ark  brown sand
96CITH- s to n e  la y e r  w ith  sand
SITE 6 Mt. B u rr sand
0-2 3cm g rey  send  (10 y r .  6/ l )
23~48cm y ello w  g rey  sand  g ra d in g  in to
48~88cm p a le  y e llo w  sand
88—101 cm la y e r  o f s to n e  m a te r ia l  m ixed w ith  sand
IOICITH- d a rk , ye llo w -b ro w n , san d y , c la y  w ith  sm all 
p ie c e s  o f  s to n e  in c lu d e d .
SITE 7 T an ta n o o la  f l i n t y  sand  (M t. B u rr sand  complex)
0- 30cm p a le ,  g re y , lo o s e ,  sand  (10 y r .  6 /1 ) 
g ra d in g  in to
30—68cm p a le ,  y e llo w  sand
68-97cm la rg e  amount o f  s to n e  and g ra v e l  mixed w ith  
p a l e ,  y e llo w  send
91“ 160cm brown, loamy sand
1 6 0 citb - brow n, s t r u c t u r e l e s s ,  sandy c la y
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SITE 8 Mt, B u rr san d _ - T e r ra  ro s s a  t r a n s i t i o n a l
0 -1 8cm d a rk , brown sand  (10 y r .  4 /3 )
18-122cm red d ish -b ro w n  send  g ra d in g  in to  a  p a le ,  
orange-brow n sand
122-130cm orange sand  w ith  some s to n e  and g ra v e l
130-158cm d a rk , o ra n g e , sandy c la y ;  some s to n e s  
p re s e n t
158cm+ orange-b row n , sandy c la y  -  no s to n e s
SITE 9 M tJB urjr jra n d  -  Te r r a  ro  s sa  t  r  an s i  tj l ona 1
0-23cm g rey  sand  w ith  some p in k  sand  p a r t i c l e s
23—104cm p a le ,  red-brow n sand
104-116cm sm all s to n e s  in  sand  m a te r ia l
116-168cm b r ig h t  o range sand
l68cm+- o ran g e , sandy c la y
SITE 10 Mt. B urr sand -  -T c r r a_ rq s_sa t i g .n g y tional
0-31 cm re d d ish -b ro w n , s i l t y  sand  (10  y r .  4 /3 )
31-119cm c o lo u r  changes s l i g h t l y  to  a  more r e d d is h -  
o ran g e , loa.my sand and g rad es  in to
119- 152crrH- s t r u c t u r e l e s s  re d  loamy c la y
SITE 11 Tantanoola_ f l i n ty  sand  -  T e r ra  r o s s a  t r a n s i t i o n a l
0-33cm s to n y , g re y , brown loamy, sand  (10 y r .  5/ 2)
33-43cm p a le ,  y e llo w -g re y , loejny sand  w ith  s to n e
p ie c e s
43-91 cm yellow -b row n , s i l t y  claym m o ttle d  w ith  
lim es to n e  fragm en ts
91cm+ lim e s to n e  fragm en ts
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SITE 12 T_qrra ro s s a
0~43cm ■brown, sand  g ra d in g  in to  a red d ish -b ro w n  sand
43-91 cm p ie c e s  o f  lim e s to n e  mixed w ith  sand
91cnH- lim e s to n e
SITE 13 T e r ra  ro s s a
0- 15cm brow n, sandy s i l t  w ith  many p ie c e s  o f  s to n e
15- 25cm fewer- s to n e s ,  re d d ish -b ro w n , sandy loam
25- b 1cm d eep , redd ish -b rc i-m  heavy c la y
6lcm+ lim e s to n e
SITE 14 T e r ra  ro s s a  (Coonaw arra)
0- 15cm d ark  red-brow n loam (2 -5  y r .  3/ 2 )
1 5 -30cm red-brow n loam« s l i g h t l y  h e a v ie r  te x tu r e
30cm g ra v e l p ie c e s
30-140cm+ y e llo w -b ro w n , c la y  loam w ith  o c c a s io n a l 
p ie c e s  o f  g ra v e l
SITE 17 (SQII -  40 y e a rs )  Mr. B a rr  sand  b a se d  s o i l  -  
po s s ib ly  a  Mt» Mui r  sand
0—20cm brown sand  10 y r .  4 /4
20- 91cm orange-brow n send  g ra d in g  in to  a  loam
91cm+ orange-b row n , loarry c la y  c o n ta in in g  p ie c e s  
o f  lim e s to n e
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N u tr ie n t  S o lu t io n  u sed  in  I . i t t c r  B io a ssay  (S e c tio n  1 0 .2 .1 )  
Each l i t r e  o f  s o lu t io n  con tained :;
A ll  on A ll  on -  Phosphorus A ll  on -  N itro g en
5ml o f  1M Ca(N0 ) 0
3 d
5ml o f  1M KNO^
2ml o f  1M Mf£0^
1ml o f  1M KHoP0„2 4
1ml o f  1M Fe.EDTA
1ml o f  mixed 
rn ic ro n u tr ie n ts
5ml o f  1M Ca(N0.))) 2 
5ml o f  1M KNO
2ml o f  1M MgSO .
4
1ml o f  0.5M KgSO
1ml o f  1M Fe.EDTA
1ml o f  mixed 
m ic ro n u tr ie n t  s
1ml o f  1M KH_P0.
2 4
2ml o f  1M MgSO.
4
5m 1 o f  1M CaCl2
5ml o f  0.5M E2S0,
1ml o f  1M Fe.EDTA
1ml o f  mixed 
mic r o n u t r i e n ts
Mixed rn ic ro n u tr ie n ts  
2 .8 6 g  o f  H3B03 
1.81 g o f  MnCl94H20 
0» 11g o f  ZnCl2 
0 .0 5 g  o f  CuC12H90 
0 .0 2 5g o f  Na2Mo0,.2Ho0 
d is s o lv e d  in  1 l i t r e  w ate r
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Appendix 4




Potassium hydrogen orthophosphate 0.5gm
Diammonium hydrogen orthophosphate 0.25grn
Magnesium sulphate 0.15
Ferric chloride, soln. 1,2ml
Thiamine hydrochloride 25mgm
Sucrose 2*5gm
Distilled water 1 litre
(From Norkraus, B. (1949)• Some mycorrhiza forming
Tricholoma species. Svensk. Botan. Tidskr 43?485-490)
